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TEMPOROMANDIBULAR JOINT OSTEOARTHRITIS 
AND CRYSTAL DEPOSITION DISEASES 
STRUCTURE AND PATHOGENESIS 

STELLING EN 
behorend bij het proefschrift 
TEMPOROMANDIBULAR JOINT OSTEOARTHRITIS 
AND CRYSTAL DEPOSITION DISEASES 
STRUCTURE AND PATHOGENESIS 
1. Displacement of the articular disc of the temporomandibular joint is a 
frequently occurring phenomenon that does not necessarily have to result 
in clinical symptoms. 
This thesis 
2. The involvement of the synovial membrane in osteoarthritis of the 
temporomandibular joint is characterized by an early proliferative phase 
and a late fibrous phase. 
This thesis 
3. The presence of an inflammatory infiltrate in the synovial membrane of 
osteoarthritic temporomandibular joints is rare. 
This thesis 
4. The severity of histopathologic changes in the synovial membrane of 
osteoarthritic temporomandibular joints is often less than is suggested 
arthroscopically. 
This thesis 
5. In addition to the already known extracellular pathway of calcium 
pyrophosphate dihydrate crystal formation, an intracellular pathway of 
formation of these crystals exists. 
This thesis 
6.  Onderzoek naar kaakgewrichtspathologie vraagt m het vervolg om een 
radicale aanpak. 
7. Als vrij e radicalen een belangrijke rol spelen bij adhesievorming in 
osteoartritische kaakgewrichten, kan het drinken van rode wijn vanwege 
het anti-oxidatief effect van flavonoiden een geheel nieuwe vorm van 
therapie en vooral een aantrekkelijke vorm van preventie betekenen. 
8. Toen Descartes, die zelden voor de middag opstond, in 1649 ontboden 
werd aan het hof van de koningin van Zweden en haar noodgedwongen 
vroeg in de ochtend moest onderwijzen, overleed hij binnen zeer korte tijd. 
Russell B: Geschiedenis v an  de westerse filosofie. 
Katwijk, Servire, 1 995, pp 588-598 
Hieruit zou kunnen blijken dat in de combinatie van vroeg opstaan en 
mentale arbeid het gevaar schuilt van een vroegtijdige dood. 
9. De toegevoegde waarde van beeld bij geluid tijdens videoconferencing op 
het internet is gering als gevolg van het achterblijven van de frequentie van 
beeldverversing bij die van de verandering van mimiek en expressie van 
het gelaat. 
1 0. In het kader van het bevorderen van het gebruik van het openbaar vervoer 
maakt het voeren van reclame voor personenwagens op bijvoorbeeld de 
stadsbus deze actie bij voorbaat minder geloofwaardig. 
1 1 . Vee! modetrends zijn aileen geschikt voor diegenen die te jong zijn om zich 
deze nog te kunnen herinneren. 
12 .  Het beperkte vermogen tot remmen op skeelers zal ertoe leiden dat de 
recent geintroduceerde skeelerende politiesurveillant zijn doe! voorbij 
schiet. 
Groningen, 1 8 juni 1997 Leonore C. Dijkgraaf 
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INTRODUCTION AND AIMS 
PATHOGENESIS OF TEMPOROMANDIBULAR 
JOINT OSTEOARTHRITIS 
Disorders that affect the temporomandibular 
joint (TMJ) are generally characterized by pain 
in and around the joint, functional impairment, 
and joint sounds such as clicking and crepita­
tion. These clinical signs and symptoms are 
rather common in the general population. In 
literature, prevalence of clinically significant 
TMJ-related pain has been estimated to be at 
least 5%. 1 Nearly 2% of the population seeks 
treatment for a symptom of a TMJ disorder. 
Strikingly, the vast majority of these patients are 
young females. TMJ disorders have been the 
subject of considerable controversy for many 
decades. Throughout this century, a variety of 
factors has been implicated as primary etiologic 
factor in these disorders, including occlusal dis­
harmony, masticatory muscle dysfunction, psy­
chological stress, osteoarthritis, and displace­
ment of the articular disc. In the 1 970s, arthro­
graphy identified a reducing disc displacement 
to be the cause of joint clicking, while in pa­
tients with a limitation of joint mobility a perma­
nent disc displacement appeared to be the pri­
mary cause.2•3 Subsequently, it was assumed 
that articular disc displacement also was the 
cause of other joint symptoms such as pain, and 
treatment became aimed at the nonsurgical and 
surgical anatomic reduction of the supposedly 
displaced disc.4 However, in the second half of 
the 1 980s, for the first time disc displacement 
was reported to be found in normal asymptom­
atic joints. s-a These findings discredited the pres­
ence of disc displacement as the sole primary 
etiologic factor in TMJ disorders. In several au­
topsy studies9-12 disc displacement was also of­
ten found, but because of the high mean age of 
the individuals from whom the TMJs were ob­
tained a causative relationship with age could 
not be excluded. Therefore, the limits of ana­
tomic and physiological variability with respect 
to disc position and configuration had not yet 
been established and deserved further study. 
Aim # 1 of this thesis was to perform three-di­
mensional visualization of cadaveric TMJs ob­
tained from individuals with a relatively low 
mean age, to study normal and abnormal TMJ 
anatomy with respect to disc position and con­
figuration. 
Because of the supposed uniqueness of the 
TMJ, it has long been thought that this joint 
structurally and functionally differs from other 
synovial joints. It was not until 1 966, when 
Boering reported osteoarthrotic changes of the 
TMJ in an extensive clinical and radiographical 
study, 13 that similarities with pathologic disor­
ders in other synovial joints were demonstrated. 
In subsequent light and electron microscopic 
study of articular cartilage obtained from 
affected TMJs, 14 de Bont showed comparable 
structural osteoarthrotic changes as were found 
in cartilage of other osteoarthrotic joints, there­
by giving further credibility to the view that the 
TMJ is a joint like all other joints in the body, 
and therefore will be affected by conditions com­
mon to these other joints. Although a variety of 
local and systemic disorders is known to occur 
in the TMJ, the most predominant TMJ disorder 
is osteoarthritis (OA) often in combination with a 
displacement of the articular disc. 15 In the past 
the term osteoarthrosis has been used, but now­
adays the term osteoarthritis is generally pre­
ferred. The relationship between OA and articu­
lar disc displacement has been a frequent sub­
ject of debate. In our opinion, disc displacement 
often is a sign rather than a cause of TMJ OA. 15 
In many patients seeking treatment for TMJ 
symptoms, the disorder fortunately can be guid­
ed into a state of quiescence with nonsurgical 
treatment. 13• 16 However, in a minority of patients 
seeking treatment, the TMJ symptoms remain 
refractory to nonsurgical treatment, and surgical 
intervention is needed. In general, at least four 
subgroups of individuals with TMJ involvement 
can be identified: 1) asymptomatic individuals 
with disc displacement, 2) symptomatic patients 
who respond to nonsurgical treatment, 3) symp­
tomatic patients who do not respond to non­
surgical treatment but do respond to surgical 
treatment, and 4) symptomatic patients who do 
not respond to nonsurgical nor to surgical treat­
ment. 17 The patients that were included in the 
studies described in this thesis all belonged to 
the latter two subgroups; all had remained re­
fractory to nonsurgical treatment. 
Surgical treatment of TMJ disorders has in­
volved a large variety of techniques since the 
initial report by Annandale in 1887, 18 including 
discectomy, condylar shave and condylectomy, 
and disc repair and repositioning techniques. 
Arthroscopy of the TMJ has been developed by 
Ohnishi, 19 and its potential as both diagnostic 
and treatment modality was rapidly recognized. 
Arthroscopic techniques were refined and initial 
arthroscopic findings were reported by 
Holmlund and Helsing,20 Murakami and 
2 
Hoshino,21 McCain,22•23 Sanders,24 and Moses.25 
The diagnostic accuracy of TMJ arthroscopy was 
established in cadaveric material by Liedberg 
and Westesson,26 and Kurita et al.27 An outline 
of normal arthroscopic findings and arthroscop­
ic findings in TMJs with articular disc displace­
ment was provided by Heffez and Blaustein/8 
and Blaustein and Heffez. 29 Arthroscopy visually 
provided new insights into the pathogenesis of 
TMJ disorders. During arthroscopy degeneration 
of the articular cartilage of the articular emi­
nence was frequently visualized, whereas the 
synovial membrane also appeared to be involved 
in the pathogenic process. Currently, arthros­
copy has earned a prominent role in the surgical 
treatment of TMJ disorders, which has resulted 
in an increasing availability of samples of 
synovial membrane and synovial fluid for re­
search purposes. The success of arthroscopic 
treatment, however, appeared to be rather sub­
jective, and no objective improvement over phys­
ical therapy or nonsurgical therapy could be 
established in a preliminary study.30 Because 
the onset of most TMJ disorders occurs at a rel­
atively young age (ie, 20's and 30's), patients 
with symptomatic joints may require many years 
of treatment. The costs of temporomandibular 
disorders, both in actual costs and in terms of 
human suffering, can be enormous. Therefore, 
an understanding of the pathogenic mecha­
nisms that underlie TMJ disorders is very im­
portant. In synovial fluid lavages of symptomatic 
TMJs, several factors have been identified that 
are known to play a role in the pathogenesis of 
OA of other synovial joints.3 1-33 However, until 
the relative incidence of these factors in TMJ 
OA, in other joint disorders, and in normal TMJs 
has been established, the finding of these factors 
has only little clinical value. To justly interpret 
the significance of a specific factor in osteoar­
thritic TMJs, aim #2 of this thesis was to draw 
an outline of normal physiologic processes and 
participating factors in normal TMJs, as well as 
of the osteoarthritic processes and participating 
factors in affected TMJs, based on knowledge of 
structure, biochemistry, and metabolism of nor­
mal and osteoarthritic cartilage of other synovial 
joints, and to develop a classification of TMJ OA. 
During arthroscopic examination of osteo­
arthritic TMJs, angiogenesis of the articular car­
tilage of the articular eminence frequently is a 
striking finding. Until now, the presence of 
angiogenic factors in osteoarthritic TMJs had 
not yet been investigated. Because endothelial 
cell stimulating angiogenesis factor has been 
implicated in various osteoarthritic joint chan­
ges, 34 aim #3 of this thesis was to investigate 
the presence of this factor in synovial fluid of 
osteoarthritic TMJs to study the possible role of 
angiogenesis in the osteoarthritic process. 
Cha ter 1 
SYNOVIAL MEMBRANE OF THE TEMPORO­
MANDIBULAR JOINT IN HEALTH AND DIS­
EASE 
Prior to the development of arthroscopy, the role 
of the synovial membrane in the osteoarthritic 
process was not fully appreciated. In addition to 
prominent cartilage degeneration and angio­
genesis of the articular eminence, pathologic 
changes of the synovial membrane are charac­
teristically observed during arthroscopic exami­
nation of osteoarthritic TMJs. However, the ar­
throscopic findings in TMJs with OA have not 
yet been completely mapped. Light microscopic 
findings in TMJs with disc displacement have 
been described in synovial membrane biopsies 
obtained during open joint surgery,35-39 but the 
light and electron microscopic findings in syno­
vial membrane of TMJs with OA have not yet 
been reported. Moreover, during arthroscopy 
biopsies of affected synovial membrane can be 
obtained under direct vision, which allows corre­
lation of arthroscopically observed changes and 
light microscopic findings. Although the histo­
pathologic synovial changes in general are non­
specific and rarely pathognomonic,40 the struc­
ture of the synovial membrane in osteoarthritic 
TMJs deserved further study, during which pos­
sibly the involvement of the synovial membrane 
in the osteoarthritic process may be evaluated. 
To justly interpret the significance of a specific 
factor in osteoarthritic TMJs, aim #4 of this 
thesis was to draw an outline of the normal 
synovial membrane structure, as well as of the 
function, biochemistry, and metabolism, based 
on knowledge of structure, function, biochemis­
try, and metabolism of normal synovial mem­
brane in other synovial joints. Aim #5 of this 
thesis was to investigate the arthroscopic, light 
microscopic, and electron microscopic charac­
teristics of synovial membrane in osteoarthritic 
TMJs to study the possible involvement of this 
synovial membrane in the osteoarthritic process, 
and to investigate the correlation between ar­
throscopically observed changes and light micro­
scopic findings. 
OSTEOARTHRITIS AND CRYSTAL DEPOSI­
TION DISEASES OF THE TEMPOROMAN­
DIBULAR JOINT 
In synovial fluids of osteoarthritic knee joints, 
the presence of crystals has been frequently 
demonstrated and a correlation between basic 
calcium phosphate crystals and joint degenera­
tion has been established.41'49 In synovial fluids 
of osteoarthritic TMJs, which are characterized 
by degeneration, the presence of crystals has not 
yet been studied. In the TMJ, crystal deposition 
Introduction and aims 
diseases rarely occur,50"66 whereas evident con­
currence of crystal deposition diseases and OA 
has never been reported. Aim #6 of this thesis 
was to investigate the presence of crystals in 
synovial fluid of osteoarthritic TMJs to study the 
possible role of these crystals in the osteo­
arthritic process. 
Finally, a patient was presented at the De­
partment of Oral and Maxillofacial Surgery of 
the University Hospital Groningen, in whom ini­
tially disc displacement presumably caused by 
primary OA was diagnosed, but in whom subse­
quently indications for calcium pyrophosphate 
dihydrate (CPPD) crystal deposition disease were 
found. Aim #7 of this thesis was to evaluate 
the currently known pathogenic pathways of 
CPPD crystal formation in CPPD crystal deposi­
tion disease and to study the light and electron 
microscopic characteristics of a case of the TMJ 
to study new clues for its pathogenesis. 
AIMS OF THIS THESIS 
The research described in this thesis was pre­
dominantly elicited by arthroscopic findings and 
based on samples of synovial fluid and synovial 
membrane obtained prior and during arthros­
copy. In 1 991-1 995 over one hundred arthros­
copies of affected TMJ s were performed at the 
Department of Oral and Maxillofacial Surgery of 
the University Hospital Groningen. Several TMJs 
were excluded from the studies in this thesis 
because they were unable to fulfil the various 
required inclusion criteria. In 82 TMJs, synovial 
fluid lavages were performed, and one or more 
synovial membrane biopsies were taken of areas 
that showed characteristic findings. Several 
synovial fluid lavages were excluded because of 
apparent gross contamination with blood. Unfor­
tunately, the majority of synovial membrane 
samples were excluded because of a too limited 
size or the absence of a synovial lining. This re­
sulted in 50 synovial fluids and 40 synovial 
membrane samples that were included in the 
studies in this thesis. In summary, the aims of 
this thesis were: 
# 1 to perform three-dimensional visualization 
of cadaveric TMJs to study normal and ab­
normal TMJ anatomy with respect to disc 
position and configuration; 
#2 to evaluate the structure, biochemistry, 
and metabolism of normal and osteoar­
thritic TMJ articular cartilage, and to devel­
op a classification of TMJ osteoarthritis to 
study the involved pathogenic processes; 
#3 to investigate the presence of endothelial 
cell stimulating angiogenesis factor in 
synovial fluid of osteoarthritic TMJs to 
study the possible role of angiogenesis in 
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the osteoarthritic process; 
#4 to evaluate the structure, function, bio­
chemistry, and metabolism of normal TMJ 
synovial membrane to establish an outline 
of present and participating factors in the 
normal TMJ; 
#5 to investigate the arthroscopic, light micro­
scopic, and electron microscopic character­
istics of synovial membrane in osteoar­
thritic TMJs to study the possible involve­
ment of this synovial membrane in the 
osteoarthritic process, and to establish the 
correlation between arthroscopically ob­
served changes and light microscopic find­
ings in osteoarthritic TMJs; 
#6 to investigate the presence of crystals in 
synovial fluid of osteoarthritic TMJs to 
study the possible role of these crystals in 
the osteoarthritic process; and finally 
#7 to evaluate the currently known pathogenic 
pathways of calcium pyrophosphate dihy­
drate (CPPD) crystal formation in CPPD 
crystal deposition disease and to study the 
clinical, radiographical, light microscopic, 
and electron microscopic characteristics of 
a case of the TMJ to study new clues for its 
pathogenesis. 
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THREE-DIMENSIONAL VISUALIZATION OF THE TEMPOROMANDIBULAR JOINT 
- A computerized multisectional autopsy study of disc position and configuration -
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1TMJ Research Group, Department of Oral and Maxillofacial Surgery, University Hospital Groningen, The Netherlands 
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SUMMARY 
Objective. To perform three-dimensional visualization of cadaveric temporomandibular joints (TMJs) 
to study normal and abnormal TMJ anatomy with respect to position and configuration of the 
articular disc. 
Study design. Twenty human TMJs ( 1 1 females, 9 males; mean age, 40.4 years) were obtained 
during general autopsy examination and subsequently deep-frozen. Three parallel pegs were inserted 
in each specimen to provide a frame of reference for the three-dimensional reconstruction. The 
specimens were fixed, decalcified, dehydrated, and embedded in paraffm. Serial sections of ten 1.1m 
thickness were cut and after each fiftieth section the cutting surface was photographed with color 
slide film. Each slide was projected on a computer tablet and the reference points and the contours of 
various joint components were digitized. Three-dimensional reconstruction was performed using the 
software package MacReco 3.4. Each TMJ was graded for disc position and disc configuration. 
Results. Normal disc position was found in 13 joints, partial anterior disc position in five joints and 
complete anterior disc position was found in two joints. Fifteen joints had biconcave disc 
configuration and five joints had deformed discs. 
Conclusion. Considering the high incidence of disc position deviating from the normal superior 
position, it is suggested that in some cases a so-called abnormal disc position can be regarded as 
within the limits of normal anatomic and physiologic variability. 
J Oral Maxillofac Surg 50: 2-10, 1992 
INTRODUCTION 
Internal derangement of the temporomandibular 
joint {TMJ) means a malposition of the articular 
disc relative to the condyle and articular emi­
nence. 1 Clicking and locking of the TMJ were 
attributed to anterior displacement of the articu­
lar disc by Annandale in 1887.2 Since then, 
much research has been done using several 
techniques to establish an actual image of disc 
position and configuration. With the develop­
ment of arthrography and, subsequently, arthro­
tomography of the TMJ, it has been unambigu­
ously established that anterior disc displace­
ment is related to joint clicking and locking. 3·6 A 
clear distinction is made between reducing disc 
displacement and permanent disc displacement. 
Studies of cadaveric TMJs have illuminated sev­
eral directions of disc displacement and varia­
tions in disc deformation. Disc displacement has 
been described as partial or complete. The direc­
tion of displacement may be anterior, antero­
medial, medial, anterolateral, lateral and poste­
rior, although the latter is very rare.1•7-12 Disc 
deformation has been described as reversed bi­
concave, biplanar or biconvex.8 Nevertheless, 
the perception of normal and abnormal disc po-
sition and configuration has not been completed 
yet. 
Three-dimensional {3D) multisectional com­
puter imaging of TMJ cadaver specimens can 
contribute to the basic knowledge of normal and 
abnormal TMJ anatomy with respect to disc po­
sition and configuration. The aim of this study 
was to produce 3D images of cadaveric TMJs for 
study of disc position and configuration. 
MATERIALS AND METHODS 
Specimens 
Twenty human right TMJs were removed from 
cadavers during general autopsy examination. 
The subjects (1 1 females, 9 males) represented a 
relatively young age group (range, 23 to 47 
years; mean age, 40.4 years). In addition to the 
age criterion, the presence of a distinct occlu­
sion on either natural teeth or full dentures was 
the only other selective criterion. No information 
was available about possible TMJ symptoms 
during life. 
Procedure of preparation 
Prior to dissection of the joint, the lower jaw was 
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brought into intercuspal position and the TMJ 
was deep-frozen by repeated application of liquid 
nitrogen at the exposed midcranial fossa. This 
established the relationship between the joint 
components in the closed mouth situation. After 
dissection, the TMJ specimens were stored at 
-4o·c. Three parallel holes were drilled in each 
specimen in a lateromedial direction by means 
of a template. As permanent points of orienta­
tion, three wooden pegs (2.6 rom in diameter) 
were tapped into the holes.  In this way a frame 
of reference was created for the 3D reconstruc­
tion. The frozen specimens were sawed approxi­
mately midsagittally under radiographic guid­
ance (Figs 1 -3) and placed in a fixative contain­
ing 4% formaldehyde for 2 weeks. After 
decalcification in a solution of 25% formic acid 
containing 1 0% sodium citrate, the halves were 
dehydrated in graded series of ethanol and em­
bedded in Paraplast (Oxford Lab, Ireland) . Serial 
sections of ten J.!m thickness were made, starting 
centrally and working laterally and medially, 
respectively. The sections were stained with Al­
cian blue PAS and were used for histologic ob­
servation. After each fiftieth section (0.5 mm) the 
cutting surface of the remaining specimen and a 
millimeter ruler were photographed with color 
slide film (200 ASA, Fuji) . The distance between 
camera and object was kept constant. This re­
sulted in approximately 30 to 45 slides per joint 
in accordance with the width of the condyle. 
Each slide was projected under standardized 
conditions on a computer tablet (Summagraph­
ics, Fairfield, CT, USA) , which was connected to 
a Macintosh computer (Apple Computer, Cuper­
tino, CA, USA). Distortion was avoided. Prior to 
digitizing, the reference points (three wooden 
pegs) and the contours of the following struc­
tures of each slide were traced on transparent 
paper (Mercurius, Wormer, The Netherlands) : 
external auditory canal, glenoid fossa, articular 
eminence and adjacent parts of the temporal 
bone, mandibular condyle, retrodiscal tissue, 
articular disc and lateral pterygoid muscle. Sub­
sequently, the reference points and contours of 
the joint structures were digitized with the tablet 
cursor. Three-dimensional reconstruction was 
performed by the software package MacReco 3.4 
(E. Otten, Groningen, The Netherlands) . 13 Laser­
prints were made of several combinations of 
joint structures at various rotation angles by 
Laserwriter (Apple Computer) , using two inter­
polations between the sections. 
Assessment 
Each joint was graded for disc position and disc 
configuration. Normal disc position was scored if 
the posterior band of the disc was overlying the 
superior aspect of the condyle (taking the shape 
of the condyle into account) , if the intermediate 
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zone was located between the anterosuperior 
aspect of the condyle and the posteroinferior 
aspect of the articular eminence, and if the ante­
rior band was located slightly anterior to the 
condyle, partially overlying the superior head of 
the lateral pterygoid muscle. Disc displacement 
was divided in two categories, complete anterior 
disc displacement and partial anterior disc dis­
placement. Complete anterior disc displacement 
was scored if the posterior band of the disc was 
clearly located anterior to the superior aspect of 
the condyle in the lateral, central, as well as the 
medial part of the joint, and if the anterior band 
was overlying the lateral pterygoid muscle to an 
increased extent, in combination with an ex­
tended anteroinferior recess. Partial anterior 
disc displacement was scored if a combination of 
both normal and anterior disc position was 
found in one joint. 
Normal disc configuration was scored if the 
disc was biconcave and the posterior band was 
thicker than the anterior band. Disc deformity 
was divided in two categories, complete disc de­
formity and partial disc deformity. Complete disc 
deformity was scored if deformed disc configura­
tion was found in the lateral, central, as well as 
in the medial part of the joint. Partial disc defor­
mity was scored if a combination of both normal 
and deformed disc configuration was found in 
one joint, either in the lateral, central or medial 
part, or in two of these parts. Three types of disc 
deformity were discerned: 1 )  reversed biconcave 
disc configuration, in which the posterior band 
is thinner than the anterior band; 2) biplanar 
(even thickness) disc configuration; and 3) 
biconvex disc configuration. All assessments 
were performed by the same observer. 
RESULTS 
Normal disc position was found in 13 joints (Ta­
bles 1, 2). Twelve of these joints showed normal 
disc configuration (Figs 1, 4). The remaining 
j oint had partial disc deformity; centrally and 
laterally a reversed disc configuration existed. 
Partial anterior disc displacement was found 
i n  five joints (Tables 1 ,  2). In two of these joints, 
the biconcave disc configuration was preserved,  
whereas in three joints disc deformity was 
found, two partial and one complete. Partial disc 
deformity included reversed disc configuration 
in the lateral part of one joint, and biplanar disc 
configuration in the central part and biconvex 
disc configuration in the lateral part in the other 
j oint (Figs 2, 5) . Complete disc deformity in one 
joint included reversed disc configuration in the 
medial and central part and biconvex disc con­
figuration in the lateral part. 
Complete anterior disc displacement was 
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Figure 1. (top row). Specimen 1, right TMJ of 40-year-old female with normal disc position and normal disc configuration. 
A. Lateral contact radiograph. B. Anteroposterior contact radiograph. C. Sagittal sectional plane, approximately midsagittally 
(magnification x2). 
Figure 2. (center row). Specimen 2,  right TMJ of 4 7 -year-old male with partial anterior disc position and partial disc deformity. 
A. Lateral contact radiograph. B. Anteroposterior contact radiograph. C. Sagittal sectional plane, approximately mid sagittally 
(magnification x2). 
Figure 3. (bottom row). Specimen 3,  right TMJ of 38-year-old male with complete anterior disc position and partial disc defor­
mity. A. Lateral contact radiograph. B. Anteroposterior contact radiograph. C. Sagittal sectional plane, approximately 
midsagittally (magnification x2). 
found in two joints (Tables 1 ,  2).  In one joint the 
disc showed a biconcave configuration. The 
other joint showed partial disc deformity, con­
sisting of a reversed disc configuration in the 
lateral part (Figs 3, 6) . 
DISCUSSION 
All currently available imaging techniques for 
the disc (eg, magnetic resonance imaging [MRI], 
arthrography, histologic sectioning) give a two­
dimensional representation with respect to posi-
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Table 1. Distribution of age, gender, disc position, and disc configuration 
Joint no. 1A 2 3 4 5 6 7 8 
Age (yrs) 40 4 1  4 1  23 37 39 45 45 
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Abbreviations: F, female; M, male; c, central; 1, lateral; m ,  medial. 
A, Specimen 1 (Figs 1 ,  4) ; B, Specimen 2 (Figs 2, 5); C, Specimen 3 (Figs 3, 6); D, Mean age 
tion and configuration. With these techniques, 
spatial visualization of the interrelationship of 
the various joint components remains difficult. 
Differentiation between normal and abnormal 
disc position and configuration is still subject to 
controversy. Three-dimensional imaging of TMJ 
components without disturbing the interrela­
tionship of the joint structures can provide a 
better insight into normal and abnormal TMJ 
anatomy. Three-dimensional imaging of bony 
components has been established by recon­
struction of multiple computed tomography 
scans.14•1& Three-dimensional images of all TMJ 
components, in miscellaneous combinations at 
several rotation angles, were demonstrated in 
this computerized multisectional autopsy study 
(Figs 4-6) . 
Articular disc displacement in combination 
with disc deformity of the TMJ, in our opinion, 
appears to be a frequently occurring phenome­
non in the general population. In the past de­
cade, much research has been done concerning 
the prevalence of internal derangement and its 
possible relationships with aging and 




Disc Position Normal deformed deformed Totals 
Normal 12 1 0 13 
Displaced 
- Partially 2 2 1 5 
- Completely 1 0 2 
Totals 15 4 20 
osteoarthrosis. l .8•10•17 In our study, a normal disc 
position was present in 13 joints (65%), a nor­
mal disc configuration in 1 5  joints (75%), and 
both normal disc position and disc configuration 
in 1 2  joints (60%) (Table 2).  Comparison with 
other studies shows quite diverging percentages 
of internal derangement (Table 3).  Except for the 
study by Liedberg and Westesson,10 our study 
shows the highest percentage of joints with nor­
mal disc position and of joints with normal disc 
configuration. There are several possible expla­
nations for these varying percentages. First, one 
of the differences between the various studies is 
the mean age of the subjects from whom the 
specimens were obtained. The mean age of the 
subjects in our study was considerably lower 
than in the other studies.  Therefore, an associa­
tion between an increase in incidence of internal 
derangement and aging may be supposed. This 
could be due to decreased gliding capacity of the 
articular surfaces as a result of degenerative 
changes or impaired synovial fluid production. 18 
Furthermore, gradual age-related loss of elastic­
ity of the retrodiscal tissue has been suggested 
to result in insufficient posterior traction on the 
disc. In these cases "internal rearrangement" 
could be a more appropriate term for this age­
related abnormal disc position and configura­
tion. 
Second, strict adherence to the so-called 1 2  
o'clock criterion for normal disc position, i n  our 
opinion, can easily lead to overclassification of 
disc displacements, resulting in high percent­
ages of internal derangement. The transition 
between the posterior band and retrodiscal tis­
sue sometimes can be difficult to determine. In 
case of disc displacement, the anterior part of 
Three-dimensional TMJ visualization 1 1  
H 
Fjgure 4. Computer reconstructions, specimen 1, right TMJ of 40-year-old female with normal disc position and configuration 
(magnification x2). A. Condyle, lateral view. B. Condyle and disc, lateral view. C. Condyle, retrodiscal tissue, disc, and lateral 
pterygoid muscle, lateral view. D. Condyle, anterolateral view. E. Condyle and disc, anterolateral view. F. Condyle, retrodiscal 
tissue, disc, and lateral pterygoid muscle, anterolateral view. G. Condyle, retrodiscal tissue, and lateral pterygoid muscle, 
anterolateral view. H. Condyle and disc, laterosuperior view. I. Condyle, fossa, articular eminence and adjacent parts of the 
temporal bone and external acoustic meatus, retrodiscal tissue, disc, and lateral pterygoid muscle, lateral view. 
the retrodiscal tissue may become fibrotic as a 
result of remodeling due to compressive loading 
and may macroscopically as well as microscopi­
cally closely resemble disc tissue; this phenome­
non is called pseudodisc formation. 19•20 In our 
study, both the length of the anteroinferior re­
cess, which normally is approximately 3 mm, 
and the extent to which the anterior band was 
overlying the lateral pterygoid muscle were deci­
sive if the position of the posterior band was dif­
ficult to determine.21 The size of the anteroinfer­
ior recess alone cannot be regarded as a reliable 
indicator of disc position.22 
Third, in our opinion, the shape of the condyle 
has to be taken into account in the assessment 
of disc position. If the slope of the superior as-
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Figure 5. Computer reconstructions, specimen 2, right TMJ of 4 7 -year-old male with partial anterior disc position (anterior 
disc position in the central and lateral part) and partially deformed disc configuration (biplanar disc configuration in the 
central part and biconvex disc configuration in the lateral part)(magnification x2). A. Condyle, lateral view. B. Condyle and 
disc, lateral view. C. Condyle, retrodiscal tissue, disc, and lateral pterygoid muscle, lateral view. D. Condyle, anterolateral view. 
E. Condyle and disc, anterolateral view. F. Condyle, retrodiscal tissue, disc, and lateral pterygoid muscle, anterolateral view. 
G. Condyle, retrodiscal tissue, and lateral pterygoid muscle, anterolateral view. H. Condyle and disc, laterosuperior view. I.  
Condyle, fossa, articular eminence and adjacent parts of the temporal bone and external acoustic meatus, retrodiscal tissue, 
disc, and lateral pterygoid muscle, lateral view. 
pect of the articulating surface of the condyle 
has an anterior inclination, the disc is liable to 
be in a 1 o'clock position, but still should be 
considered normal. All of the aforementioned 
considerations can be responsible for the vary­
ing percentages of normal disc position and disc 
configuration found in the studies shown in Ta­
ble 3.  
Although the overall percentage of internal 
derangement found in cadaver studies is quite 
high, a considerably lower percentage of the 
general population appears to seek professional 
Three-dimensional TMJ visualization 1 3  
Figure 6 .  Computer reconstructions, specimen 3 ,  right TMJ of 38-year-old male with complete anterior disc position and 
partially deformed disc configuration (reversed disc configuration in the lateral part)(magnification x2). A. Condyle, lateral view. 
B. Condyle and disc, lateral view. C. Condyle, retrodiscal tissue, disc, and lateral pterygoid muscle, lateral view. D. Condyle, 
anterolateral view. E. Condyle and disc, anterolateral view. F. Condyle, retrodiscal tissue, disc, and lateral pterygoid muscle, 
anterolateral view. G. Condyle, retrodiscal tissue, and lateral pterygoid muscle, anterolateral view. H. Condyle and disc, 
laterosuperior view. I. Condyle, fossa, articular eminence and adjacent parts of the temporal bone and external acoustic 
meatus, retrodiscal tissue, disc, and lateral pterygoid muscle, lateral view. 
help for TMJ problems. 17 This may indicate that 
TMJ pain and discomfort cannot be attributed to 
internal derangement alone. Probably a combi­
nation of adventitious factors (eg, capsular im­
pingement, compression of the retrodiscal tis­
sue, irritation due to shedding of debris, in­
crease in inflammatory mediators synthesized 
by the synovial membrane, hypervascularity) 
will cause TMJ symptoms to become trouble­
some. 18  This may partly account for the benefi­
cial effect of arthroscopic lavage in cases where 
no disc repositioning was achieved. 23 Further­
more, joint problems have also been found in 
patients with normal disc position. We have ob-
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Table 3. Comparison of percentages of normal disc position and/ or disc configuration 
found in five cadaver studies 
No. of Selection of material and Mean age 
cases Method of study (yrs) 
Liedberg (1988) 45 Autopsy, macroscopy 80 
De Bont ( 1 986) 22 Autopsy, macroscopy 75 
Westesson ( 1984) 127 Autopsy, macroscopy 73 
Westesson ( 1985) 58 Autopsy, macroscopy/ 73 
arthrography 
Dijkgraaf ( 1992) 20 Autopsy, macroscopy/ 40 
microscopy 
served normal disc position arthroscopically in 
several cases of TMJ disorder in which pain and 
limitation of mouth opening were the main com­
plaints. Therefore, TMJ treatment modalities 
that only try to achieve a normal disc position 
are of limited value. TMJ treatment implies more 
than TMJ disc treatment. 
The 12 o'clock criterion has been introduced 
in the past to define normal disc position based 
on the conviction that clinical joint symptoms 
such as clicking and locking are solely related to 
an abnormal disc position. However, this does 
not necessarily indicate that disc positions other 
than the 1 2  o'clock position are always abnor­
mal and will induce clinical joint symptoms. 
Therefore, it seems logical to reconsider the cri­
teria of normal disc position and configuration. 
In our opinion, constitutional and nonprogres­
sive anterior or anteromedial disc position can 
be considered within the limits of normal ana­
tomic as well as physiologic variability. 
One of the main functions of the disc is to 
establish joint stability, while translatory move­
ments of the condyle occur. Consequently, the 
disc is almost congruous with the articulating 
surfaces of the eminence and condyle. This is 
achieved by the presence of a posterior and an 
anterior band. In this study, we considered a 
thickened posterior band as being normal. In 
this respect, even biplanar or reversed biconcave 
discs can be considered as being within the nor­
mal anatomic and physiologic variability. 
The criteria distinguishing normal from ab­
normal disc position and configuration still re­
main difficult to define. Clinically these criteria 
may be determined by the rate of progression of 
the internal derangement, the presence of click­
ing and locking, the presence of pain and dis­
comfort, and the presence of secondary myogen­
ic responses. Evidently, several factors other 
than change of disc position and configuration 
are included in this process. 
Computer reconstruction of the TMJ has great 
Percentage of Percentage of TMJs Percentage of 
TMJs with normal with normal disc TMJs with both normal 













illustrative value because it shows the interrela­
tionship of selected joint components three­
dimensionally at various rotation angles and can 
image parts that cannot be directly visualized. 
However, the complete image cannot be more 
accurate than each single section. Prior to digi­
tizing, the paper interphase was used to avoid 
hesitation during digitizing that would cause 
discontinuities in the contour lines, because in 
the unstained specimens the boundaries of the 
articular disc were occasionally difficult to dis­
cern. Therefore, the corresponding stained sec­
tions were frequently used to verify microscopi­
cally the tissue density, collagen fiber alignment, 
vascularization, and the presence of an overex­
tended anterior lower joint compartment indica­
ting anterior disc displacement. However, even 
then it was sometimes difficult to differentiate 
between retrodiscal tissue, adapted retrodiscal 
tissue, and posterior band. In this respect pru­
dence is called for during interpretation of mac­
roscopic images such as those produced by 
arthroscopy and MRI. In case of inflammation, 
creeping synovitis in the retrodiscal tissue may 
disguise the posterior band of the articular disc, 
suggesting disc displacement arthroscopically. 
In our study, interpretation difficulties arose not 
only at the transition between posterior band 
and retrodiscal tissue, but also in the parts ad­
jacent to the condylar poles. To distinguish be­
tween disc and lateral and medial discal liga­
ment was often impossible. Therefore, latera­
medial displacements were difficult to deter­
mine. Perhaps tracing of stained sections in­
stead of the unstained specimen, although 
much more laborious, would have prevented this 
problem. Except for the aforementioned partition 
between retrodiscal tissue and posterior band, 
and between disc and medial and lateral discal 
ligament, 3D computer imaging of the TMJ has 
enhanced the knowledge of normal and abnor­
mal TMJ anatomy with respect to disc position 
and configuration. 
Three-dimensional TMJ visualization 
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CHAPTER 3 
NORMAL CARTILAGE STRUCTURE, BIOCHEMISTRY, AND METABOLISM 
- A review of the literature -
Leonore C. Dijkgraaf, 1 Lambert G.M. de Bont , 1  Geert Boering, 1 Robert S .  B. Liem2 
1TMJ Research Group, Department of Oral and Maxillofacial Surgery, University Hospital Groningen, The Netherlands 
�MJ Research Group, Laboratory for Cell Biology and Electron Microscopy, University of Groningen, The Netherlands 
SUMMARY 
Objective. To evaluate the structure, biochemistry, and metabolism of normal articular cartilage of 
the temporomandibular joint (TMJ), based on knowledge of structure, biochemistry, and metabolism 
of normal cartilage in synovial joints in general, to establish an outline of normal physiologic 
processes and participating factors in the healthy TMJ. 
Conclusions. Articular cartilage is composed of extracellular matrix (ECM) and chondrocytes. The 
ECM consists of water, collagen, proteoglycans, structural glycoproteins, and small amounts of lipid 
and inorganic components. However, the exact biochemical composition of the ECM of TMJ articular 
cartilage is unknown. Chondrocytes in articular cartilage of other synovial joints have the capacity to 
synthesize as well as degrade all ECM components through an enzymatically mediated "intemal 
remodeling system." Stimulated by balanced levels of cytokines and growth factors, chondrocytes 
produce precisely regulated amounts of proteases and protease inhibitors to induce normal tissue 
tumover. TMJ articular cartilage chondrocytes presumably participate in a similar "intemal 
remodeling system" to induce normal TMJ articular cartilage turnover. 
J Oral Maxillofac Surg 53: 924-929, 1995 
INTRODUCTION 
Osteoarthritis (OA) is a slowly progressive, often 
monoarticular disorder that is inherently 
noninflammatory. 1 •2 OA is characterized by pro­
gressive degradation of the components of the 
extracellular matrix (ECM) of articular cartilage.3 
Initially, research of OA was confined to 
histopathologic and ultrastructural changes in 
human osteoarthritic cartilage. During the last 
decade, however, research of OA has focused on 
the biochemical and metabolic changes in 
osteoarthritic cartilage. Because of the scarce 
availability of human cartilage, especially in the 
early stage of the disease, most data on these 
changes derive from studies of animal models 
and in vitro cartilage explant studies. First, an 
acid lysosomal protease was identified that was 
capable of degradation of proteoglycans.4 Subse­
quently, a neutral proteoglycanase was identi­
fied that was active at neutral pH.5•6 Several 
other proteases present in osteoarthritic carti­
lage have been identified since then. Therefore, 
the osteoarthritic process was believed to be 
caused by a cascade of enzymatic events in 
which proteases from several sources were in­
volved. An experiment by Fell and Jubb,7 in 
which traumatized synovial membrane kept at a 
distance from either living or dead (freeze-thaw­
ed) autologous articular cartilage was shown to 
be able to induce proteoglycan loss in living but 
not in dead cartilage, led to the discovery of 
interleukin- 1 (IL- l )  and subsequently of other 
cytokines. Over the last decade a whole network 
of interacting enzymes and cytokines involved in 
the cartilage degradation process has been dis­
covered, and undoubtedly more factors will be 
discovered in the future. The most intriguing 
question currently being explored is which factor 
initiates the cartilage degradation process, thus 
possibly providing an adequate therapeutic an­
swer by blocking this factor and thereby pre­
venting the start or progression of the degrada­
tion process. 
The concept that in many cases temporo­
mandibular joint (TMJ) signs and symptoms 
may be attributed to OA is gaining increasing 
support.8 The TMJ (Fig 1 )  is a synovial joint and 
obeys the same laws as do other synovial joints.9 
Therefore, knowledge of OA in other synovial 
joints may be applied to the TMJ. Several TMJ 
researchers have already succeeded in identify­
ing factors in TMJ synovial fluid known to play 
an important role in the pathogenesis of OA in 
other synovial joints. 10•1 1  However, the choice of 
factor to be identified in the synovial fluid ap­
pears to be dictated by the readily availability of 
antibodies to this factor rather than by profound 
insight into the the pathogenesis of OA. More­
over, to justly interpret the significance of the 
presence of various factors in the osteoarthritic 
TMJ, an outline of normal physiologic processes 
and participating factors in the normal TMJ 
should be established first. 
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Figure 1. Survey section of a healthy TMJ, showing no signs of OA. The condyle (C) and the articular eminence (AE) are 
covered by normal articular cartilage. Note the slight anterior disc position of the articular disc (D). EAC, cartilage of the 
external acoustic canal; PT, lateral pterygoid muscle (Hematoxylin-eosin stain, magnification x6) . 
The aim of this study was 1 )  to discuss the 
structure, biochemistry, and metabolism of nor­
mal cartilage, and the role of proteases, cyto­
kines, growth factors, and arachidonic acid me­
tabolites in normal tissue turnover, based on 
knowledge of synovial joints in general; and 2) to 
indicate what is known concerning these factors 
in the TMJ in specific. 
REVIEW OF PROTEASES, CYTOKINES, 
GROWTH FACTORS, AND ARACHIDONIC 
ACID METABOLITES IN GENERAL 
Proteases 
Proteases or proteolytic enzymes play an impor­
tant role both in maintaining normal tissue 
turnover and in degradation of ECM components 
of articular cartilage in the osteoarthritic pro­
cess. They are capable of cleaving internal pep­
tide bonds of proteins. 12 Proteases may be found 
intracellularly, in lysosomes, or extracellularly. 
Four classes of proteases have been identified: 
1 )  aspartic proteases (including cathepsin D) , 2) 
cysteine proteases (including cathepsin B and 
cathepsin L) , 3) serine proteases (including 
plasminogen activator [PAJ , polymorphonuclear 
leukocyte [PMN] elastase, and cathepsin G) , and 
4) metalloproteases (including collagenase or 
matrix metalloprotease- 1 [MMP- 1 ] ,  gelatinase or 
MMP-2, and proteoglycanase or stromelysin or 
MMP-3) (Table 1 ) .  The aspartic and cysteine pro­
teases are lysosomal enzymes and are most ac­
tive at acid pH, whereas the serine and metal­
loproteases are most active at neutral pH.12 Pro­
teases can be synthesized by chondrocytes, 
synovial cells, and inflammatory cells. The syn­
thesis of proteases is mediated by a variety of 
cytokines, growth factors, and hormones. All 
proteases are synthesized in inactive proforms 
that later require activation. 13 The activated pro­
teases can be inhibited by specific protease in­
hibitors, presumably synthesized by the chon­
drocytes (Table 1 ) . 14 Normal articular cartilage 
contains large amounts of protease inhibitors, 
including tissue inhibitor of metalloprotease 
(TIMP) and plasminogen activator inhibitor (PAl) . 
An imbalance between protease and protease 
inhibitor levels has been postulated as a possi­
ble pathogenic pathway of OA. 15 
Cytokines and growth factors 
Cytokines and growth factors are soluble 
polypeptides capable of regulating growth, differ­
entiation, and metabolic activity of cells. 14• 16 
Generally, in articular cartilage cytokines (in­
cluding IL-l to XII, tumor necrosis factor [TNF] , 
and interferon) exert a catabolic effect, whereas 
growth factors (including insulin-like growth 
factor [IGF], transforming growth factor [TGFJ , 
and fibroblast growth factor [FGF]) exert an ana­
bolic effect (Table 2) .  Cytokines induce synthesis 
Normal TMJ cartilage 







Protease Protease inhibitor 
Cathepsin D a-2-Macroglobulin 
Cathepsin B Cytastins 
a-2-Macroglobulin 
Cathepsin L Cytastins 
a-2-Macroglobulin 
Plasminogen activator Protease nexin-1 
Plasminogen 
activator inhibitor 
PMN elastase a1-Protease inhibitor 
Cathepsin G a1-Protease inhibitor 
a1-Antichymotrypsin 
a-2-Macroglobulin 
Collagenase (MMP- 1) TIMP- 1 
TIMP-2 
a-2-Macroglobulin 
Gelatinase (MMP-2) TIMP- 1 
TIMP-2 
a-2-Macroglobulin 
Proteoglycanase (MMP-3, TIMP- 1 
or stromelysin) TIMP-2 
a-2-Macroglobulin 
Abbreviations: PMN, polymorphonuclear leukocyte; MMP, 
metalloprotease; TIMP, tissue inhibitor of metalloprotease. 
of proteases, resulting in an increased rate of 
cartilage ECM degradation and consequently 
proteoglycan depletion, whereas they reduce the 
rate of synthesis of proteoglycans and other 
ECM components. The cytokines act primarily 
through cell surface receptors, whose signal is 
subsequently mediated by nuclear oncoproteins 
to activate transcription of the gene, which cor­
responds with these specific cell activities. 17 
Growth factors can antagonize the cytokine ef­
fect by increasing the rate of synthesis of ECM 
components13 and TIMPs. 18 The net effect de­
pends on the relative concentration of each me­
diator present in the cartilage. Cytokines can be 
synthesized by chondrocytes, synovial cells, and 
inflammatory cells. Cytokines can be antago-
Table 2. Cytokines and growth factors 
mediating degradation and synthesis of ECM 
components 
Cytokines Growth Factors 
exerting catabolic effect exerting anabolic effect 
Interleukins I-XII (IL) Insulin-like growth factor (IGF) 
Tumor necrosis factor Transforming growth factor (TNF) 
(TNF) 
Interferon (IF) Fibroblast growth factor (FGF) 





nized by receptor antagonists (eg, IL- l ra) and 
by so-called soluble binding proteins (eg, TNF­
BP) . 19 An imbalance between cytokine and cyto­
kine inhibitor levels has been postulated as a 
possible pathogenic pathway of OA. 
Arachidonic acid metabolites 
Arachidonic acid metabolites or eicosanoids are 
mediators of inflammation. In response to spe­
cific stimuli arachidonic acid is released from 
cell membrane phospholipids. Subsequently, the 
arachidonic acid is converted to several 
prostaglandins (PGs) and tromboxanes by the 
cyclo-oxygenase pathway, and to several 
leukotrienes by the lipoxygenase pathway.20 
Arachidonic acid metabolites can be synthesized 
by synovial cells, mediated by cytokines. PGE2 is a major mediator of inflammation, and its syn­
thesis is induced by IL- 1 .21 
NORMAL CARTILAGE: STRUCTURE, BIO­
CHEMISTRY, AND METABOLISM 
Articular cartilage is a specialized form of con­
nective tissue composed of ECM and chondro­
cytes, although in the articular zone of TMJ ar­
ticular cartilage predominantly fibrocytes are 
found (Figs 2, 3) .22 Cartilage is aneural, avascul­
ar, and alymphatic. Because cartilage is aneur­
al, pain perception and proprioception in syno­
vial joints are dependent on nerve endings in 
synovium, capsule, muscles, and subchondral 
bone.22 Because cartilage is avascular and 
alymphatic, nutrition and elimination of waste 
products are dependent on diffusion through the 
cartilage matrix from and to the synovial fluid.23 
The avascularity of cartilage is possibly main­
tained by endothelial cell growth inhibitors and 
protease inhibitors. 24 
Extracellular matrix 
The structure and biochemical composition of 
the articular cartilage ECM determine the 
biomechanical characteristics of the tissue ,  such 
as resilience and elasticity.25 The biochemical 
composition of the ECM varies considerably 
from individual to individual, from site to site , 
with depth, and with time, because the ECM is a 
dynamic system that is continuously exposed to 
anabolic and catabolic factors.25 Moreover, the -
biochemical composition of the ECM varies per 
joint. TMJ articular cartilage consists of fibro­
cartilage, whereas the articular cartilage in most 
other synovial joints consists of hyaline carti­
lage. The ECM of both hyaline and fibrocartilage 
consists of water, collagen, proteoglycans, struc­
tural glycoproteins, and small amounts of lipid 
and inorganic components. Water constitutes 
60% to 80% of the total weight of hyaline carti-
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Figure 2. A. Section of a healthy mandibular condyle. Subchondral bone (SB) is covered by normal articular cartilage (C) 
(Hematoxylin-eosin stain, magnification x64). B. Detail of normal articular fibrocartilage shown in A, showing four zones: 
articular zone (AZ), proliferative zone (PZ), fibrocartilaginous zone (FCZ). and calcified cartilage zone (CCZ). Chondrocytes are 
clearly visible (arrow) (Hematoxylin-eosin stain, magnification x200). 
lage.25 However, the water content of TMJ 
fibrocartilage probably is smaller. 26 
Collagen constitutes over 60% of the dry 
weight of TMJ fibrocartilage.26 The collagen fi­
brils are organized in sheets and bundles, creat­
ing a network (Fig 3 B) . 27 This collagen network 
is kept together by its basket weave, cross-links, 
and anchoring proteins, such as chondronectin 
and fibronectin. 14 The collagen network provides 
cartilage with its tensile strength and shape, 
and counteracts the swelling pressure of the 
highly hydrophilic proteoglycans.28 Fibrocarti­
lage predominantly contains type I collagen, or a 
combination of type I and type II collagen, and 
probably small amounts of type IX and type XI 
collagen.29 Type IX collagen,  which is diffusely 
distributed throughout the ECM, is involved in 
the cross-linking of especially type II collagen 
fibrils to each other and to other ECM compo­
nents.30 Type XI collagen, which is distributed 
around the chondrocytes, is involved in the or­
ganization of the fibrous components of the ECM 
and the exocytoskeleton of the chondrocytes. 29 
Proteoglycans constitute 20% to 40% of the 
dry weight of hyaline cartilage.25 However, the 
proteoglycan content of TMJ fibrocartilage prob­
ably is smaller.26 Proteoglycans are in general 
intertwined throughout the collagen network 
and are not only mechanically but also chemi-
cally entangled within this network.26 In this 
way the proteoglycans "mask" the collagen fi­
brils. Proteoglycans are highly hydrophilic 
macromolecules with a high water-binding ca­
pacity. They are only constrained from full ex­
pansion by the tension of the collagen network.28 
Loading of cartilage results in an increase of the 
internal hydrostatic pressure. When the hydro­
static pressure exceeds the osmotic pressure of 
the cartilage, water is squeezed out of the ECM, 
contributing to the lubrication of the joint sur­
faces. This so-called weeping lubrication is espe­
cially functional under high loads. Under low 
loads the so-called boundary lubrication by a 
lubricating glycoprotein is functional.22 The 
proteoglycans in conjunction with the collagen 
network provide the cartilage with its resilience, 
elasticity, shear strength, and self-lubrication. 
However, proteoglycans can also function as 
integral membrane receptors. 
Proteoglycans are complex macromolecules, 
consisting of a core protein with many 
glycosaminoglycan (GAG) side-chains of varying 
composition and chain length, linked with 
hyaluronic acid by link protein. In hyaline carti­
lage the GAG chains consist for 90% of 
chondroitin-6-sulphate and keratan sulphate, 
and less than 5% of chondroitin-4-sulphate.31 In 
TMJ fibrocartilage, however, the keratan sul-
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Figure 3. Cells of TMJ articular cartilage. A. Chondrocyte in proliferative zone of fibrocartilage of healthy mandibular condyle. 
(Transmission electron microscopy (TEM). magnification x l l ,946). B. Fibrocyte amid network of collagen fibrils in articular 
zone of fibrocartilage of healthy mandibular condyle (TEM, magnification x10,752). 
phate content is much smaller, whereas derma­
tan sulphate is more prevalent.32 
The structural glycoproteins, the noncollagen 
nonproteoglycan matrix glycoproteins, consti­
tute 5% to 1 5% of the dry weight of hyaline car­
tilage. 25 However, the structural glycoprotein 
content of TMJ fibrocartilage has, to our knowl­
edge, not yet been determined. Structural glyco­
proteins interact with cellular receptors, mainly 
of the integrin family, and regulate cell behavior 
concerning adhesion, migration, proliferation, 
and differentiation of the chondrocytes.33 The 
two main structural glycoproteins are fibro­
nectin (FN) and laminin. FN is a large, adhesive 
glycoprotein that aggregates near the chondro­
cyte cell membrane and in the ECM. FN is also 
found in serum, where it functions as an opso­
nin and chemoattractant. FN is a polyvalent 
molecule with particular binding affinities for 
fibrin, collagen, heparin, components in bacte­
rial cell coats, and cells.33 The binding of FN to 
cells is mediated by the integrins. Laminin is a 
polyvalent molecule prominent in basement 
membranes and as receptor-bound component 
of the cell surface.33 However, laminin has not 
been detected in the cartilage ECM of the pri­
mate TMJ,34 and its presence in human TMJ 
cartilage has, to our knowledge, not yet been 
determined. 
Lipids and inorganic components constitute 
only a very small part of the dry weight of both 
hyaline and fibrocartilage.25 
In conclusion, the structure of TMJ articular 
cartilage is well studied.26 However, further 
study is needed of the exact biochemical compo­
sition of the TMJ articular cartilage. 
Chondrocytes 
Chondrocytes occupy only 0.01% to 0. 1 %  of the 
volume of TMJ articular cartilage.26 Each chon­
drocyte (Fig 3 A) is surrounded by territorial ma­
trix containing abundant ground substance but 
only a few collagen fibrils.23 Chondrocytes have 
relatively low metabolic activity. Therefore, they 
are able to function under almost anaerobic con­
ditions, but they are sensitive to toxic influences 
and unable to regenerate after major injury. 
However, chondrocytes have considerable recu­
perative abilities.23 Joint loading stimulates dif­
fusion of chondrocyte nutrients and waste prod­
ucts through the cartilage matrix and is there­
fore essential for chondrocyte nutrition. Joint 
immobilization impairs matrix diffusion to an 
extent that chondrocyte nutrition may stop.3 1  
Chondrocytes in general have the capacity to 
synthesize as well as degrade all components of 
the ECM. Although once thought of as an inert 
tissue, articular cartilage is now recognized to 
be a dynamic system that is capable of remodel­
ing under functional demands, and of turnover 









Figure 4. Internal remodeling system of normal articular cartilage by the chondrocytes. Chondrocytes synthesize all ECM 
components, as well as degrade these components through production of precisely regulated amounts of proteases and 
protease inhibitors. Proteases not only degrade resident ECM components (left). but also newly synthesized ECM components 
(right) . In normal cartilage homeostasis, anabolic (open arrows) and catabolic (arrows) processes are equated by a balance 
(grey beam) between proteases and protease inhibitors. Chondrocytes probably maintain this balance by equal amounts (grey 
beam) of growth factors (GFs) and cytokines (CYTOs). 
of ECM components. The half-life time of proteo­
glycans, for example, varies from one week to 
200 days.23 This points to the existence of a pre­
sumably enzymatically mediated "internal re­
modeling system" by the chondrocytes (Fig 4). 
Stimulated by balanced levels of cytokines and 
growth factors, chondrocytes produce precisely 
regulated amounts of proteases and protease 
inhibitors to induce normal turnover of ECM 
components. 
Besides the synthesis and degradation of all 
ECM components, chondrocytes are capable of 
control over the location of ECM components 
adjacent to the chondrocytes through specific 
receptors in their cell membrane.33 These recep­
tors effectively bind ECM components such as 
collagen and fibronectin. Subsequently, these 
bound polyvalent macromolecules bind other 
ligands, thereby extending the linkage between 
the cell membrane and the pericellular matrix. 
The intracellular portions of the receptors inter­
act with cytoplasmic structures, thereby provid­
ing a direct linkage, physically and functionally, 
with intracellular events.33 The cell membrane 
receptors binding ECM components are of the 
integrin family, or are integral membrane pro­
teins. The integrins are a family of ubiquitous 
cell-surface ECM adhesion receptors that inter­
act with a specific sequence of 3 amino acids, 
arginine-glycine-asparagine (RGD) , in proteins.35 
Integrins bind many ECM components, includ-
ing fibronectin.36•37 Moreover, integrins mediate 
many cellular processes, including tissue mor­
phogenesis, homeostasis, and repair.35 Integral 
membrane proteins are receptors, consisting of 
ECM components that are intercalated with the 
cell membrane, such as syndecan and heparan 
sulphate proteoglycan.33 The extra-cellular do­
main of these proteoglycans contains glycos­
aminoglycan chains capable of binding other 
ligands including ECM components and growth 
factors. 
In conclusion, chondrocytes in general are 
multifunctional cells, capable of synthesis and 
degradation of all ECM components and, to a 
certain extent, control over the location of these 
components in the ECM. Although TMJ articular 
cartilage chondrocytes presumably also have 
these capabilities, this remains open to further 
study. 
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CHAPTER 4 
THE STRUCTURE, BIOCHEMISTRY, AND METABOLISM OF 
OSTEOARTHRITIC CARTILAGE 
- A review of the literature and a classification of temporomandibular joint -
osteoarthritis 
Leonore C. Dijkgraaf, 1 Lambert G.M. de Bont, 1 Geert Boering, 1 Robert S. B. Liem2 
25 
1TMJ Research Group, Department of Oral arid Maxillofacial Surgery, University Hospital Groningen, The Netherlarids 
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SUMMARY 
Objective. To evaluate the structure, biochemistry, arid metabolism of osteoarthritic articular 
cartilage of the temporomaridibular joint (TMJ) , based on knowledge of structure, biochemistry, arid 
metabolism of osteoarthritic cartilage in synovial joints in general, to discuss the pathogenesis of TMJ 
osteoarthritis (OA), arid to present a classification of TMJ OA. 
Conclusions. OA in general results from ari imbalarice between predominaritly chondrocyte­
controlled ariabolic arid catabolic processes, caused by a primary (bio)mechariical, biochemical, 
inflammatory, or immunologic insult. Osteoarthritic cartilage is characterized biochemically by an 
initially increased water content, early loss of proteoglycaris, arid constarit collagen content but with 
alterations in size arid arrarigement of collagen fibers. Based on general knowledge of OA, we propose 
a classification of the pathogenesis of TMJ OA in four stages .  In the initial arid repair stage of OA, an 
increased degradation of components of the extracellular matrix (ECM) is counteracted by an 
increased growth factor-mediated synthesis by the chondrocytes. In the early stage of OA, the 
increased synthesis of ECM components is exceeded by their degradation due to ari increased 
synthesis arid activity of proteases, resulting in a net degradation arid loss of articular cartilage. In 
the intermediate stage of OA, the synthesis of ECM components fails, whereas the synthesis arid 
activity of proteases remain increased, resulting in progressive degradation arid loss of the articular 
cartilage. In the late stage of OA, fmally, the content of several ECM components is further reduced. 
The synthesis arid activity of proteases may remain increased or may be reduced in the case of 
residual OA. Of each stage, the histologic, electron microscopic, arid biochemical characteristics arid 
arthroscopic arid clinical appeararices are described. It is suggested that a classification of TMJ OA 
should be based on the grade of degradation of articular cartilage arid possibly the grade of synovitis .  
Because TMJ O A  i s  a multifactorial disorder with various pathogenic pathways, i n  which several 
stages of internal derarigement may be found, internal derarigement should be diagnosed as a 
separate entity. 
J Oral Maxillofac Surg 53: 1 182- 1 192, 1995 
CONCEPTS OF ETIOPATHOGENESIS OF 
OSTEOARTHRITIS IN GENERAL 
Osteoarthritis (OA) results from an imbalance 
between predominantly chondrocyte-controlled 
anabolic and catabolic processes, and is charac­
terized by progressive degradation of the compo­
nents of the extracellular matrix (ECM) of the 
articular cartilage, associated with secondary 
inflammatory factors. 1 •2 The initial morphologic 
changes, however, are subclinical. Conse­
quently, individuals with incipient OA are 
symptom-free, and will not present themselves 
in this stage of OA. Therefore, examination of 
surgically obtained articular cartilage in this 
stage is impossible. 
Three main concepts concerning the etio­
pathogenesis of OA have been postulated, based 
on cartilaginous or extracartilaginous factors. 
The first two concepts are based on cartilagi­
nous factors. The first concept is a mechanical 
approach that implies overloading (whether ab­
solute or relative) or underloading of cartilage. 
Absolute overloading occurs when abnormal 
and/ or repetitive mechanical loads exceed the 
adaptive capacity of normal articular cartilage . 
Relative overloading occurs when normal loads 
exceed the intrinsically reduced adaptive capac­
ity of abnormal articular cartilage.3 Absolute and 
relative overloading, as well as underloading, ie, 
loading outside the individual physiologic range, 
may result in biomaterial failure of the ECM 
and/ or chondrocyte injury.4•5 Biomaterial fail­
ure, especially of the collagen network due to 
failure of collagen fibrils per se or failure of an­
choring proteins, will lead to increased water 
binding by proteoglycans and subsequent loss of 
proteoglycans.2•6 Chondrocyte injury will lead to 
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Figure 1. Survey section of an osteoarthritic TMJ. The condyle (C) and articular eminence (AE) are covered by osteoarthritic 
articular cartilage. The cartilage covering the condyle appears hypertrophic, characteristic of early stage OA, whereas the 
cartilage covering the articular eminence shows extensive horizontal splitting (arrow). The articular disc (D). however, appears 
in normal position, although due to extensive fibrosis of the retrodiscal tissue (RT) the posterior band of the articular disc is 
difficult to distinguish, possibly the result of remodeling of an anteriorly displaced disc. EAC, cartilage of the external acoustic 
canal; PT, lateral pterygoid muscle (Hematoxylin-eosin stain, magnification x6). 
an increase of degradative responses with re­
lease of proteases, an increase of protease acti­
vators, and a decrease of protease inhibitors. 5 
The second concept implies failure of the 
chondrocyte-controlled internal remodeling sys­
tem. According to this concept a primary insult, 
whether (bio)mechanical, biochemical, inflam­
matory, or immunologic in character, will dis­
turb the balance between synthesis and degra­
dation of ECM components by the chondrocyte. 
The chondrocytes are instigated to release in­
creased amounts of proteolytic enzymes and 
probably decreased amounts of protease inhibi­
tors, resulting in accelerated ECM breakdown. 5·7 
The third concept is based on extracartilaginous 
factors, and actually is a compilation of factors 
that alone or together may lead to cartilage deg­
radation. These extracartilaginous factors in­
clude reduction in the quality and/or quantity of 
synovial fluid, changes in the synovial mem­
brane, subchondral bone microfractures ,  and 
vascular changes. 
These three concepts concerning the 
etiopathogenesis of OA are not mutually exclu­
sive, because each predisposes to the other.8 
Several other factors also have been proposed to 
play a role in the initiation, ·perpetuation, or 
pathogenesis of OA.9 These include age; alter-
ations in the structure of the ECM, in the 
chondrocytic metabolic activity, or in its regula­
tors; and possibly (former) hypermobility of the 
affected joint.9• 1 1  Generalized hypermobility has 
recently been shown not to relate to OA of the 
temporomandibular joint (TMJ) . 1 2  
Table 1. Features of TMJ articular cartilage in 
the initial and repair stage of OA 
Initial and repair stage 
Imbalance of synthesis and degradation of ECM 
components by chondrocytes; 
Increased degradation is counteracted by increased 
growth factor mediated synthesis, resulting in 
New balance between increased degradation and 
increased synthesis of ECM components 
Histologic I electron microscopic features 
Proliferation and increased metabolic activity of 
chondrocytes 
Biochemical features 
Increased synthesis of ECM components 
mediated by growth factors 
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Figure 2.  The first stages of TMJ OA are characterized by proliferation of the chondrocytes. A. Proliferation of chondrocytes 
in the proliferative zone is a characteristic feature of repair cartilage (Hematoxylin-eosin stain, magnification x2 1 6) .  B. 
Proliferation of chondrocytes, resulting in cluster formation, is frequently seen adjacent to splitting phenomena (arrows) in 
intermediate OA cartilage (Hematoxylin-eosin stain, magnification x1 36). 
In patients with primary OA the specific 
etiologic factor is unknown. Moreover, degenera­
tive and remodeling changes in OA are inti­
mately associated, and to attempt to identify the 
unique initiating factor is to attempt the impos­
sible. The pathogenesis of OA can be caused by 
variety of etiologic factors that are possibly in­
teractive. Further, it is unlikely that a single 
etiologic factor will always cause the same 
pathogenic pathway.8 Thus, it appears that OA 
is multifactorial in etiology, and possibly can 
follow several pathogenic pathways. The 
pathogenesis of OA described hereafter is the 
most likely pathway. However, deviations from 
this pathway will occur. 
OSTEOARTHRITIC CARTILAGE: STRUCTURE, 
BIOCHEMISTRY, AND METABOLISM 
Osteoarthritis is characterized morphologically 
by progressive softening and loss of cartilage. 10 
The initial osteoarthritic changes probably occur 
in the articular cartilage. Osteoarthritic cartilage 
is characterized biochemically by an initially 
increased water content, early loss of proteogly­
cans, and constant collagen content but with al­
terations in size and arrangement of collagen 
fibers.2 Because the TMJ (Fig 1 )  is a synovial 
j oint and obeys the same laws as do other 
synovial joints,3 knowledge of OA in other 
synovial joints may be applied to the TMJ. Based 
on general knowledge of OA, we propose a clas­
sification of the pathogenesis of TMJ OA into 
four stages: 1) initial and repair stage, 2) early 
stage, 3) intermediate stage, and 4) late stage. 
Clinically, the osteoarthritic process may gradu­
ally progress. Of each stage, the histologic, elec­
tron microscopic, and biochemical characteris­
tics, and arthroscopic and clinical appearances 
will be described. 
Initial and repair stage of OA 
If a primary insult, whether (bio)mechanical, 
biochemical, inflammatory, or immunologic in 
character, disturbs the chondrocyte-controlled 
balance between synthesis and degradation of 
ECM components in normal tissue turnover, 
cartilage degradation pursues. Initially, cartilage 
degradation will be counteracted by attempts at 
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Table 2. Features of TMJ articular cartilage in 
the early stage of OA 
Early stage 
Increased degradation > increased synthesis of ECM 
components, resulting in 
Net degradation 
Histologic I electron microscopic features 
Swelling 
Proliferation and increased metabolic activity 
of chondrocytes 
Collagen network has signs of disorganization 
Uneven staining of proteoglycans 
Biochemical features 
Increased synthesis of proteases > increased 
synthesis of ECM components 
- Content of several ECM components is 
reduced 
- Composition and distribution of other ECM 
components is changed 
Degradation products in synovial fluid are 
phagocytized by synovial A cells, resulting in 
- Synthesis of CTAPs that stimulate B cells to 
synthesis of proteoglycans 
- Synthesis of IL- l /TNF -a that stimulate B cells 
to synthesis of proteases, arachidonic acid 
metabolites, fibronectin, and collagen 
- Synthesis of IL- l /TNF -a that stimulate 
chondrocytes to synthesis of proteases, 
arachidonic acid metabolites, IL-6, and IL-8 
Arthroscopic features 




(Limitation of joint movement) 
Abbreviations: CTAPs, connective tissue-activating 
peptides; IL, interleukin; TNF-cx, tumor necrosis factor- a. 
repair.5 
The initial and repair stage of OA (Table 1 ) ,  
both in general and in the TMJ, is  characterized 
histologically by proliferation of chondrocytes 
(Fig 2) . 13 Electron microscopically, the chondro­
cytes show several characteristics of increased 
metabolic activity, including well-developed 
rough endoplasmic reticulum, prominent Golgi 
complexes, and numerous secretory vesicles. 
The initial and repair stage of OA in general is 
characterized biochemically by an increased 
synthesis of ECM components, and an increased 
synthesis of DNA, accounting for the prolifera­
tion, mitoses and clustering, and the increased 
metabolic activity of chondrocytes observed 
histologically _2 The repair response is mediated 
by growth factors, and is partially determined by 
the diffusibility of these growth factors through 
the cartilage matrix to the chondrocytes .  In OA 
this diffusibility is probably greater than normal 
due to loss of cartilage integrity .5 Moreover, 
growth factors that are normally bound to ECM 
components will be released by cartilage degra­
dation and thereby stimulate the chondrocytes 
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in their repair response. 14 Chondrocytes in more 
advanced lesions are even able to upregulate the 
expression of a growth factor (eg, insulin-like 
growth factor- 1 [IGF - 1 ]) .  15 Eventually a balance 
between repair and degradation will be estab­
lished. In this balance an increased synthesis of 
ECM components equals their degradation due 
to an increased protease activity. In osteoarthrit­
ic TMJ fibrocartilage, however, the presence of 
these biochemical characteristics has not yet 
been determined. 
The cartilage changes in the initial and repair 
stage of OA may remain asymptomatic for many 
years. In general, however, OA is frequently pro­
gressive, ultimately becoming clinically mani­
fest. However, the factors that cause the newly 
established balance to tip, resulting in an ini­
tially focal net degradation of ECM components, 
still remain unknown. 
Early stage of OA 
In the early stage of OA (Table 2) ,  the increased 
synthesis of ECM components is exceeded by 
their degradation due to an increased synthesis 
and activity of proteases, resulting in an initially 
focal net degradation and loss of articular carti­
lage. Consequently, the content of several ECM 
components is focally reduced, whereas the 
composition and distribution of other ECM com­
ponents is altered. 
The early stage of OA, both in general and in 
the TMJ, is characterized histologically by focal 
swelling of the articular cartilage and subse­
quent irregularities of the cartilage surface.10• 1 1 •16 
Proliferation of chondrocytes, resulting in clus­
ter formation, is often seen, mostly in areas with 
swelling. The metabolic activity of the chondro­
cytes in these areas is increased. However, even­
tually chondrocyte necrosis is found in all cell 
layers. 1 1 • 13  The collagen network shows signs of 
disorganization, both in general and in TMJ 
fibrocartilage. Electron microscopically the colla­
gen fibrils, especially of the articular surface, are 
disoriented and more widely separated than nor­
mal (Fig 3) . 10·13 Histochemical stains for proteo­
glycans show uneven staining, with focally in­
creased affinity, especially in areas of swelling, 
as well as focal loss of metachromasia. 10· 1 1 
The early stage of OA in general is character­
ized biochemically by an increased synthesis of 
ECM components and DNA, as well as an in­
creased synthesis and release of proteolytic en­
zymes, and possibly a decreased synthesis of 
protease inhibitors. The synthesis of ECM com­
ponents, including proteoglycans, collagen, and 
structural glycoproteins, and the synthesis of 
DNA are increased proportional to the severity of 
the osteoarthritic process, up to a point of fail­
ure.2· 10 The newly synthesized proteoglycans, 
however, have an abnormal composition; the 
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Figure 3. The collagen network of the articular cartilage shows mcreased disorganization with advanced TMJ OA. A. In normal 
articular cartilage the collagen fibrils are organized in sheets and bundles, creating a network (Transmission Electron 
Microscopy [TEM), magnification x6,445). B. In early stage OA the collagen fibrils are slightly disoriented (TEM, magnification 
x9,52 1) .  C. In intermediate stage OA advanced disorganization of the collagen network is seen, whereas the number of elastic 
fibers (E) appears increased (TEM, magnification x8,928). D. In late stage OA severe disorganization and disintegration of the 
collagen network is seen. E, elastic fiber (TEM, magnification x7, 142). 
lengths of the proteoglycan subunit core protein 
as well as the lengths of the glycosaminoglycan 
chains are shorter than normal, and the ratio of 
the various glycosaminoglycans has changed. In 
early osteoarthritic hyaline cartilage, the con­
centration of keratan sulphate is decreased and 
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Figure 4. A schematic overview of the possible interactions of proteases, protease inhibitors, cytoki.nes, and growth factors 
in OA. In osteoarthritic cartilage, anabolic processes (open arrows) are exceeded by catabolic processes (arrows), due to an 
imbalance (grey beam) between proteases and protease inhibitors, which are both produced by the chondrocytes. 
Consequently, the increased synthesis of ECM components by the chondrocytes is exceeded by their degradation due to 
increased synthesis of proteases, resulting in a net degradation of cartilage ECM components. Degradation products are 
phagocytized by synovial A cells, inducing a secondary synovitis. The activated synovial A cells release several factors, 
including connective tissue-activating peptides (CTAPs) , which induce proteoglycan (PG) synthesis in synovial B cells, and 
cytokines (CYTOs), which induce the production of proteases both in synovial B cells and in the chondrocytes. The increased 
amount of cytokines relative to growth factors (GFs) causes perpetuation and even exacerbation of the imbalance between 
proteases and protease inhibitors, both produced by the chondrocytes. Consequently, a vicious cycle is created leading to 
further cartilage damage. Moreover, cytokines produced by the activated synovial A cells induce B cells to production of 
arachidonic acid metabolites (MMs) , as well as fibronectin (FN) and collagen. 
the ratio chondroitin-4-sulphate to chondroitin-
6-sulphate is increased.2•10 In early osteoarthrit­
ic TMJ fibrocartilage, the concentrations and 
ratios of the various glycosaminoglycans have, 
to our knowledge, not yet been determined. 
Moreover, the newly synthesized proteoglycan 
subunits are incapable of normal aggregation 
with hyaluronic acid. Furthermore, the newly 
synthesized hyaluronic acid molecules also have 
a decreased size.5 The increased synthesis of 
ECM components is probably mediated by 
growth factors, including IGF- 1 and transform­
ing growth factor (TGF) . 
Although the synthesis of ECM components is 
increased, their content is reduced or altered. 
This is caused by enhanced degradative activity 
intrinsic to the cartilage due to the increased 
synthesis and release of proteolytic enzymes by 
the chondrocytes.10•17 The content of proteolytic 
enzymes, including acid phosphatase (a marker 
of lysosomal enzymes) , serine proteases, and 
metalloproteases such as proteoglycanase and 
collagenase, is increased in early osteoarthritic 
cartilage, proportional to the severity of the 
osteoarthritic process. 17 In osteoarthritic TMJ 
fibrocartilage, however, the presence or content 
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Table 3. Features of TMJ articular cartilage in 
the intermediate stage of OA 
Intermediate stage 
Increased degradation » failing synthesis of ECM 
components, resulting in 
Progressive degradation and loss 
Histologic I electron microscopic features 
Fibrillation (vertical splitting) 
Detachments (horizontal splitting) 
Thinning 
(Reduplication of tidemark) 
Cluster formation 
Chondrocyte degeneration and necrosis 
Collagen network is advanced disorganized 
Loss of proteoglycan staining 
Biochemical features 
Failing synthesis of ECM components 
Degradation remains increased mediated by 
cytokines 
- Further reduced content of several ECM 
components 




Possibly disc displacement 
Clinical features 
Pain 
Limitation of joint movement 
(Joint noises) 
of either proteases or protease inhibitors has not 
yet been established. 
Collagen breakdown is predominantly medi­
ated by collagenase. Collagenase causes cleav­
age and thinning of the collagen fibrils, and 
loosening of the tight weave of the collagen net­
work, accounting for the disorganization of this 
network observed electron microscopically (Fig 
3) . 10 However, neither the content nor the type of 
collagen is altered in early OA. The content of 
two collagen crosslinks, pyridinoline (mature 
crosslink) and pentosidine (senescent crosslink) , 
is not increased. 18 Due to the disruption of the 
collagen network the proteoglycans, which are 
no longer constrained by the tension of the col­
lagen network, are able to bind increased 
amounts of water, resulting in an increased wa­
ter content in early osteoarthritic cartilage. This 
accounts for the swelling observed histologically. 
Proteoglycan breakdown, which occurs early 
in the pathogenesis of OA, is mediated by 
metalloproteases, serine proteases, lysosomal 
enzymes, and other proteases. Metalloproteases 
and serine proteases probably cause the initial 
proteoglycan breakdown, whereas lysosomal 
enzymes, including cathepsin B and D, which 
are active on the margin or the outside of the 
chondrocyte cell membrane, cause the terminal 
degradation.5 The proteoglycan content in early 
osteoarthritic cartilage is decreased proportional 
3 1  
to the severity of the osteoarthritic process. 2 In 
normal hyaline cartilage the proteoglycans mask 
the collagen fibrils. In early osteoarthritic carti­
lage loss of proteoglycans will result in unmask­
ing (denudation) of the collagen fibrils, account­
ing for the fraying of the articular surface ob­
served histologically. 
If the osteoarthritic process progresses in 
early osteoarthritic cartilage, the swelling ob­
served histologically becomes ulcerated. Subse­
quently, the proteoglycans, which were hitherto 
captured underneath the intact articular sur­
face, diffuse into the synovial fluid. This loss of 
proteoglycans results in a decreased water con­
tent of the cartilage and a subsequent loss of its 
biomechanical characteristics, such as resilience 
and elasticity. 1° Consequently, the chondrocytes 
are subjected to greater mechanical loads,  there­
by accelerating the osteoarthritic process .  10 The 
breakdown products of the ECM components are 
either further degraded by the chondrocytes or 
diffuse into the synovial fluid, from which they 
are removed by the circulation or are phago­
cytized by synovial A cells ("synovial clearance") , 
inducing a secondary synovitis (Fig 4). 1 9 Often 
OA only becomes clinically manifest once a sec­
ondary synovitis develops, causing joint pain 
and frequently limitation of joint movement.20 
Moreover, the involvement of the synovial mem­
brane in the osteoarthritic process initiates a 
cascade of secondary events, creating a vicious 
cycle leading to further cartilage damage by the 
synthesis of cytokines and proteases. Activated 
synovial A cells release several factors, including 
inflammatory mediators, pain mediators, and 
proteolytic enzymes, that will influence the 
course of the osteoarthritic process (Fig 4) .  Ini­
tially, synovial A cells release specific connective 
tissue-activating peptides (CTAPs) that stimulate 
synovial B cells to proteoglycan synthesis in an 
attempt to "coat and protect" the synovial mem­
brane (Fig 4).21 Furthermore, activated synovial 
A cells release several cytokines, which stimu­
late the production of proteases and of other 
cytokines and which inhibit proteoglycan and 
collagen synthesis. 22 
Interleukin- 1 (IL- l ) ,  produced by synovial A 
cells, stimulates synovial B cells to produce 
plasminogen activator (PA) and other proteolytic 
enzymes, including collagenase (Fig 4) .21 PA acti­
vates collagenase and degrades fibrinogen, 
thereby supporting the clearance of particulate 
material from the synovial fluid. 
After diffusion through the synovial fluid, the 
cytokines produced by activated synovial A cells 
also influence chondrocyte metabolism (Fig 4) .  
Several chondrocyte receptors for cytokines have 
been characterized, whereby in osteoarthritic 
cartilage an increased level of cytokine receptors 
has been found. 23 The level of binding sites for 
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Figure 5. Splitting phenomena are frequently seen in the advanced stages of OA. A. Fibrillation (arrows) of articular cartilage 
of the mandibular condyle (Hematoxylin-eosin stain, magnification xl06). B. Beginning detachments (arrows) of articular 
cartilage of the mandibular condyle. Compare with Fig 1 .  SB, subchondral bone (Hematoxylin-eosin stain, magnification x222). 
IGF- 1 in osteoarthritic chondrocytes is also sig­
nificantly increased, but these are unresponsive 
to its stimulation presumably by competitive 
binding by IGF binding proteins.24 Nevertheless, 
growth factors appear capable of regulating 
chondrocyte cytokine receptor expression. 
Through interaction with specific cell surface re­
ceptors, cytokines, which are produced by ac­
tivated synovial A cells, stimulate chondrocytes 
to synthesize proteolytic enzymes, and inhibit 
synthesis of proteoglycans, collagen, and proba­
bly protease inhibitors. 
IL- l and tumor necrosis factor-a (TNF-a) stim­
ulate chondrocytes to synthesize metalloproteas­
es and serine proteases, and they inhibit the 
chondrocytes' attempts at repair. Proteases are 
synthesized in inactive proforms that later re­
quire activation. 15·25 PA and cathepsin B have 
been suggested as possible activators of metallo­
proteases .22 Metalloproteases and serine pro­
teases subsequently degrade the ECM compo­
nents. IL- l and TNF-a also stimulate the chon­
drocytes to synthesize IL-6 and IL-8 . 1 5 IL-6 stim­
ulates the chondrocytes to synthesize and re­
lease a- 1 -antitrypsin (major protease inhibitor of 
polymorphonuclear leukocyte [PMN] elastase) 
and a-2-macroglobulin, and stimulates the 
chondrocytes to proliferate ("local acute-phase 
response") . 1 5  IL-8 is a potent chemotactic for 
PMNs, inducing many PMN responses. IL-8 
stimulates PMNs to synthesize and release PMN 
elastase. PMN elastase has been reported capa­
ble of breaking metalloprotease-tissue inhibitor 
of metalloprotease complexes, by which renew­
ed metalloprotease activity is produced.26 How­
ever, the presence of PMNs in the synovial fluid, 
and consequently the role of PMN elastase in the 
osteoarthritic process, is determined by the 
presence of acute synovitis. 
Furthermore, IL- l also stimulates chondro­
cytes, synovial cells, and inflammatory cells to 
synthesize and release arachidonic acid metabo­
lites, including prostaglandin E2 (PGE2) ,  leuko­triene B4 (LTB4) ,  and tromboxan.22•27 
Moreover, IL- l stimulates synovial cells to syn­
thesize fibronectin and types I and III collagen, 
in our opinion possibly accounting for the fibro­
sis of the synovial membrane observed histo­
logically (Fig 4) .27•29 
Once the integrity of the articular surface of 
the cartilage is lost, exogenous enzymes pro­
duced by synovial cells and inflammatory cells 
could theoretically penetrate and amplify the 
degradation of the ECM. However, synovial fluid 
contains potent enzyme inhibitors (eg, a-2-
macroglobulin) . Therefore, the influence of exog­
enous enzymes on the osteoarthritic process is 
probably limited. 5 
Finally, the involvement of the synovial mem­
brane in the osteoarthritic process is not limited 
only to the synthesis of inflammatory mediators, 
pain mediators, and proteolytic enzymes. 
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Figure 6. A. Chondrocyte cluster showing degenerative features (TEM, magnification x5,528). B. Degenerating chondrocyte 
showing vacuolization of the cytoplasm (TEM, magnification x l 1 ,827). 
Synovitis will cause an increase in intraarticular 
temperature, thereby increasing the rate of en­
zyme action.27 Effusion will cause a less negative 
or even positive intraarticular pressure, thereby 
compromising the synovial blood flow and con­
sequently impairing chondrocyte nutrition. 
In summary, cartilage degradation in early OA 
in general is due to an increased intrinsic 
proteolytic activity, and is mediated by external 
and internal factors that stimulate chondrocytes 
to synthesize and release proteolytic enzymes. In 
early osteoarthritic TMJ fibrocartilage, the role 
of proteases, protease inhibitors, cytokines, and 
growth factors is probably similar to that in 
osteoarthritic cartilage in general, but is yet to 
be established. 
The early osteoarthritic cartilage, both in gen­
eral and in the TMJ, may appear arthroscopical­
ly as a swollen soft tissue with possibly "blister­
ing" or "flaking" (superficial fibrillation) of the 
articular surface. Scuffing may easily occur dur­
ing an arthroscopic procedure. If the osteo­
arthritic lesion has progressed into deeper lay­
ers, resulting in fibrillation, the osteoarthritic 
process has progressed into the intermediate 
stage of OA. 
Intermediate stage of OA 
In the intermediate stage of OA (Table 3),  the 
synthesis of ECM components fails, whereas the 
synthesis and activity of proteases remain in­
creased, resulting in a progressive degradation 
and loss of the articular cartilage. 
The intermediate stage of OA, both in general 
and in the TMJ, is characterized histologically 
by fibrillation (vertical splitting) , detachments 
(horizontal splitting) , and thinning of the carti­
lage, due to mechanical wear (Figs 1 and 5) .4• 16 
Irregularities and reduplication of the tidemark 
(the thin hematoxophylic line seen in decalcified 
histologic sections, demarcating the calcified 
cartilage zone from the noncalcified articular 
cartilage zones) have been found, although less 
frequently in the TMJ than in other synovial 
joints. Cluster formation of chondrocytes is fre­
quently seen adjacent to the splits (Figs 2 B and 
6 A) . 3° Chondrocyte degeneration and necrosis 
are increasingly seen. Ultrastructural pathologic 
features of the chondrocytes include prominent 
nuclear fibrous lamina, accumulation of intra­
cytoplasmic filaments, degenerated mitochon­
dria, and vacuolization of the cytoplasm (Fig 6 
B) . 1 3  The collagen network shows signs of ad­
vanced disorganization. Electron microscopically 
the collagen fibrils are loose and very dis­
oriented, and disintegration of individual fibrils 
is seen. An increased number of elastic fibers is 
present (Fig 3 C) . 13 Histochemical stains for pro­
teoglycans show loss of metachromasia.9• 1 1  
Ultrastructural pathologic features of the ECM 
include matrix vesicles and lipid globules de­
rived from necrotic chondrocytes, often contain­
ing needle-shaped hydroxyapatite crystals.  13 
The intermediate stage of OA in general is 
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Table 4. Features of TMJ articular cartilage in 
the late stage of OA 
Late stage 
Increased degradation 2 reduced synthesis of ECM 
components, or in case of residual OA 
Reduced degradation = reduced synthesis 





Collagen network is severely disorganized 
Severe loss of proteoglycan staining 
Biochemical features 
Synthesis of proteases remains increased or is 
reduced (in residual OA) 
Synthesis of ECM components is reduced 






Possibly disc displacement 
Clinical features 
(Pain) 
(Limitation of joint movement) 
(Joint noises) 
characterized biochemically by a failing synthe­
sis of ECM components, whereas the synthesis 
of proteases remains increased, mediated by the 
network of interacting cytokines. The synthesis 
of protease inhibitors probably remains de­
creased. Consequently, the content of several 
ECM components, including water and proteo­
glycans, is reduced. This reduced proteoglycan 
content accounts for the loss of metachromasia 
observed histologically. However, the content of 
other ECM components, including fibronectin, is 
increased.31 The appearance of fibronectin in 
osteoarthritic cartilage may be a feature of the 
chondrocytes' repair response to the loss of 
other ECM components.32 In intermediate 
osteoarthritic TMJ articular cartilage, however, 
the presence of these biochemical characteris­
tics has not yet been determined. 
The intermediate osteoarthritic cartilage, both 
in general and in the TMJ, may appear arthro­
scopically as a fibrillated and thin tissue. Fibril­
lation of the cartilage of the TMJ articular emi­
nence may be focal or extensive. Due to the sub­
sequently reduced smoothness of the articular 
surface disc displacement, either reducing or 
permanent, may develop partially or completely.3 
The synovial membrane may appear hypervas­
cularized and redundant or fibrotic. 
The intermediate stage of OA may be clinically 
manifest by TMJ pain and limited joint move­
ment. Joint noises may be present, if disc dis­
placement has developed, or caused by surface 
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irregularities of the articular cartilage. 
Late stage of OA 
In the late stage of OA (Table 4) , mainly the con­
tent of several ECM components, including wa­
ter, proteoglycans, and collagen, is further re­
duced. The synthesis and activity of proteases 
may remain increased or may be finally reduced 
when the articular cartilage is extremely thinned 
or nearly completely destroyed, resulting in so­
called residual OA. 
The late stage of OA, both in general and in 
the TMJ, is characterized histologically by exten­
sive fibrillation of the cartilage and eventually 
denudation of the subchondral bone. The tide­
mark may be violated by penetrating blood ves­
sels. Chondrocyte necrosis is frequently seen. 1 1 
The collagen network is severely disorganized 
and disintegrated (Fig 3 D) , and histochemical 
stains for proteoglycans show severe depletion of 
proteoglycans. 1 1 
The late stage of OA in general may be char­
acterized biochemically by a continued in­
creased synthesis of proteases, or by a de­
creased synthesis of proteases in the case of re­
sidual OA. The content of several ECM compo­
nents, however, is further reduced. In late 
osteoarthritic TMJ articular cartilage, however, 
the presence of these biochemical characteris­
tics has not yet been determined. 
The late osteoarthritic cartilage, both in gen­
eral and in the TMJ, may appear arthroscopical­
ly as a severely fibrillated and eroded tissue. 
Denudation of subchondral bone is frequently 
seen. Neovascularization (angiogenesis) of TMJ 
articular cartilage may be present. Disc dis­
placement and perforation may develop. The 
synovial membrane may appear hypervascu­
larized and redundant, or fibrotic. 
The late stage of OA may be clinically mani­
fest by TMJ pain and limitation of joint move­
ment. Joint noises may be present if disc dis­
placement or perforation have developed, or 
caused by articular cartilage surface irregulari­
ties. In the case of residual OA of TMJ fibro­
cartilage, clinical signs and symptoms may have 
ceased. 
Osteoarthritis and allied structures 
Although the initial changes in OA occur in the 
articular cartilage, all joint structures are af­
fected. The subchondral bone often already 
shows changes in the early stage of OA. Thick­
ening of the subchondral bone plate in an at­
tempt to adjust to changes in subchondral bone 
loading due to articular cartilage impairment is 
frequently seen.9 Remodeling develops if blood 
vessels penetrate the subchondral bone plate 
and the calcified cartilage zone, especially in the 
later stages of OA.33 Subchondral cysts and fi-
Osteoarthritic TMJ cartilage 
brosis of bone marrow cavities are frequently 
found in the late stage of OA. 30 
The synovial membrane plays an important, 
although presumably secondary role in the 
pathogenesis of OA. Activated by breakdown 
products of articular cartilage ECM components, 
synovial intima cells produce cytokines that in­
fluence and possibly eventually control the ana­
bolic and catabolic intracapsular processes. Of­
ten the osteoarthritic process only becomes clin­
ically manifest once secondary synovitis has 
developed. Arthroscopically the TMJ synovial 
membrane often appears hypervascularized and 
redundant. Neovascularization of the fossa carti­
lage and articular disc are frequently seen, the 
so-called "creeping synovitis". Contradictorily, 
however, an inflammatory infiltrate is less often 
present in the osteoarthritic synovial membrane 
of the TMJ than in that of other synovial joints. 29 
The joint capsule usually is thickened in the 
TMJ.9 Capsulitis, with focal areas of inflamma­
tory infiltrate, also may be present. Adhesions to 
lateral TMJ structures, including synovial mem­
brane, articular disc, and articular eminence, 
are often found in the later stages of OA. 
The neuromuscular balance between joint 
function and muscular activity will also be af­
fected by intracapsular joint pathology. Muscle 
splinting may be present in order to stabilize the 
affected joint and to prevent joint pain caused 
by movement. Muscle waste may occur in the 
late stage of OA. 
DISCUSSION 
The structure of both normal and osteoarthritic 
TMJ articular cartilage has been well studied. 
However, relatively little is known of the bio­
chemistry and metabolism of these cartilages. 
Although it is most likely that the biochemistry 
and metabolism of both normal and osteo­
arthritic TMJ articular cartilage are similar to 
those of other synovial joints, further study on 
these subjects is needed. 
Many proteases, cytokines, growth factors, 
and arachidonic acid metabolites play a role in 
the pathogenesis of OA in general and presum­
ably in the TMJ. A unique initiating factor, if 
any, has not yet been identified. The finding of 
one or more of these factors in the synovial fluid 
or cartilage is not pathognomic for OA, because 
all of these factors can also be found in several 
other pathologic conditions, including rheuma­
toid arthritis and trauma. Therefore, the mere 
presence of one or more of these factors in the 
osteoarthritic TMJ has little clinical value, espe­
cially until levels in the normal TMJ are deter­
mined. Furthermore, measurements of these 
factors have no clinical value in monitoring the 
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progress of the osteoarthritic process.34 Never­
theless, research of proteases, cytokines, growth 
factors, and arachidonic acid metabolites in the 
synovial fluid or cartilage of the osteoarthritic 
TMJ should not be discouraged. However, until 
the specific contribution and role of these factors 
have been illuminated, the finding of these fac­
tors is only of limited value. 
Classification of TMJ signs and symptoms has 
until now been based on the stage of intemal 
derangement.35 However, in many cases TMJ 
signs and symptoms are attributable to OA.3 
Especially in studies of proteases, cytokines, 
growth factors, and arachidonic acid metabo­
lites, as well as in studies of cartilage degrada­
tion products present in the synovial fluid, find­
ings should be related to the grade of degrada­
tion of articular cartilage and to the grade of 
synovitis, rather than to the stage of intemal 
derangement. Consequently, a classification of 
TMJ OA should be based on the grade of degra­
dation of articular cartilage and possibly the 
grade of synovitis. Degradation of articular carti­
lage can be divided into four stages: 1) initial 
and repair stage, 2) early stage, 3) intermediate 
stage, and 4) late stage of OA, as discussed in 
this chapter. Arthroscopy could be used as the 
"gold standard" for diagnosing the grade of artic­
ular cartilage degradation. Light microscopic 
examination of synovial membrane biopsied dur­
ing the arthroscopic procedure could be u sed for 
diagnosing the grade of synovitis. In our opin­
ion, TMJ OA is a multifactorial disorder, with 
various pathogenic pathways, in which several 
stages of internal derangement may be found. 
Therefore, the stage of internal derangement 
should be diagnosed as a separate entity. 
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SUMMARY 
Objective. Osteoarthritis (OA) of the temporomandibular joint (TMJ) is characterized arthroscopically 
by degeneration and angiogenesis of the articular cartilage, and hypervascularity and creeping 
synovitis of the synovial tissues. Therefore, the presence of a for OA specific angiogenesis factor, ie, 
endothelial cell stimulating angiogenesis factor (ESAF), was investigated. 
Study design. Synovial fluid samples were obtained prior to arthroscopy of patients who had been 
diagnosed with TMJ OA. Based on arthroscopic findings of angiogenesis, six samples and one control 
sample that only contained lavage fluid were selected for ESAF estimation. ESAF was determined 
according to the procollagenase activation method of Weiss et al. 
Results. Surprisingly, all seven samples demonstrated procollagenase activation and therefore 
supposedly contained ESAF. 
Conclusions. Because both the synovial fluid lavages and the control showed procollagenase 
activation, false positive results had been obtained. This was probably caused by plasticizer that had 
leached from the plastic containers into the lavage fluids they contained and that had reacted with 
the collagen substrate used in the assay. Therefore, in addition to the profound effect on humanity 
and the environment, plasticizers had a confounding effect on this synovial fluid analysis. Other 
pitfalls in TMJ synovial fluid analysis include the problems associated with dilution, the frequent lack 
of normal controls, the potential contamination of lavages with blood, the needed confirmation that 
synovial fluid is present in the sample at all, and the influence of the lavage procedure itself. 
INTRODUCTION 
Osteoarthritis (OA) results from an imbalance 
between reparative and degradative processes, 
causing progressive degradation of the articular 
cartilage. 1 •2 OA of the temporomandibular joint 
(TMJ) predominantly affects young females, in 
contrast to OA of other synovial joints. TMJ OA 
is characterized clinically by pain, restricted 
joint mobility, functional impairment, and fre­
quently radiographic degenerative changes.3 
Arthroscopically, TMJ OA is characterized by 
degeneration of the cartilage of the articular em­
inence, while angiogenesis, the development of 
new blood vessels in this normally avascular 
cartilage, is frequently seen (Figs 1 ,2).4 Another 
striking arthroscopic feature is the presence of 
extensive hypervascularity of the synovial tis­
sues, which is frequently seen expanding onto 
the originally supposedly avascular surfaces of 
the posterior wall of the glenoid fossa and the 
articular disc (Fig 3).  This process is often re­
ferred to in literature as "creeping synovitis", 
and should also be considered an angiogenic 
process, which bears resemblance to the pannus 
formation accompanied by ingrowth of new 
blood vessels that is so characteristic of rheu­
matoid arthritis (RA) . 
Angiogenesis is a complex, multistep cascade 
of events leading to growth and proliferation of 
new blood vessels. Angiogenesis plays a role 
both in normal tissue physiology, such as 
embryogenesis and the menstrual cycle, as well 
as in a seemingly diverse variety of pathologies, 
such as tumor growth, wound and fracture heal­
ing, diabetic retinopathy, OA, ankylosing 
spondylitis, and RA. s-12 The angiogenic process 
consists of several distinct steps, including the 
activation of endothelial cells and release of pro­
teases to degrade the capillary basement mem­
brane and surrounding tissue matrix, the for­
mation, growth, and lumenation of capillary 
sprouts and the formation of a new basement 
membrane, the subsequent linking of two 
sprouts to form a capillary loop, followed by the 
development of second generation capillary 
sprouts.8 The presence of an extensive, new vas­
cular network in and expanding from the synovi­
al tissues may have a profound impact on the 
osteoarthritic process and the cartilage degener­
ation. Besides the normal exchange of nutrients 
and metabolic waste products, the endothelial 
cells are able to control the influx of inflamma­
tory cells by means of adhesion molecule expres­
sion and they are able to produce several cyto­
kines, vasoactive substances, as well as free 
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Figure 1. A. Arthroscopic view of retrodiscal tissue that shows a heightened attachment to the posterior wall of the glenoid 
fossa. Creeping synovitis from this retrodiscal tissue onto the articular cartilage of the articular eminence and angiogenesis 
can be seen. Left TMJ, 32-year-old male. B. Light micrograph of articular cartilage containing a small blood vessel (arrow) 
(Hematoxylin-eosin stain, magnification x225). 
Figure 2. A. Arthroscopic view of extensive angiogenesis of the articular cartilage of the articular eminence. Left TMJ, 23-year­
old female. B. Light micrograph of affected articular cartilage containing several blood vessels (arrows) and showing signs of 
tissue degeneration and remodeling such as osteoclasts (arrowhead) (Hematoxylin-eosin stain, magnification x225). 
Figure 3. A. Arthroscopic view of extensive hypervascularity of the synovial tissue expanding onto the originally avascular 
surface of the articular disc and onto the medial wall. Left TMJ, 32-year-old male. B. Light micrograph of synovial membrane 
showing an mcreased number of blood vessels in the subintimal tissue (Toluidine blue stain, magnification x340). 
radicals, causing further cartilage degeneration.8 
The presence of new blood vessels in the nor 
mally avascular articular cartilage is related to 
various osteoarthritic j oint changes, including 
remodeling, osteophyte formation, and advance­
ment of the subchondral plate, histologically 
evidenced by "tidemark reduplication", causing 
cartilage thinning. 13 
Synovial fluids from patients with OA or RA in 
other joints were shown to induce angiogenesis 
in vitro, and therefore the presence of angiogenic 
factors in synovial fluids from patients with 
these arthropathies was established.5 Several 
factors have angiogenic potential, including 
fibroblast growth factor, vascular endothelial cell 
growth factor (VEGF) , transforming growth fac­
tors, tumor necrosis factor-a, interleukins, 
platelet-derived endothelial cell growth factor 
and platelet derived growth factor, prostaglan­
dins, fibrinogen, several components of the 
extracellular matrix, as well as endothelial cell 
stimulating angiogenesis factor (ESAF) . 8 
ESAF was first isolated from tumors, 14 but 
was subsequently found involved in many physi­
ologic and pathologic processes. ESAF is a non­
protein, low molecular weight angiogenic factor. 
Unlike the majority of protein growth factors 
with the exception of VEGF, ESAF has been 
shown to be a mitogen specifically for microves­
sel endothelial cells. 1 5  ESAF activates promatrix 
metalloproteases such as procollagenase, some 
of which may derive from microvessel endothe­
lial cells. 16 ESAF is also capable of dissociating 
complexes formed by metalloproteases and tis­
sue inhibitor of metalloproteases resulting in re­
newed release of a active metalloprotease.17 
Angiogenesis factor in osteoarthritic TMJs 
Therefore, ESAF may have an important role in 
the connective tissue destruction associated 
with blood vessel penetration.7 Moreover, ESAF 
was found significantly more often in synovial 
fluids obtained from patients with OA compared 
to other joint diseases, 18 suggesting an associa­
tion with osteophyte formation, reinitiation of 
cartilage growth and calcification of deep zone 
articular cartilage. 13 The aim of this pilot study 
was to investigate the presence of ESAF in 
synovial fluids of osteoarthritic TMJs to study 
the possible role of angiogenesis in the 
osteoarthritic process. 
MATERIALS AND METHODS 
Synovial fluid sample selection 
Synovial fluid samples were obtained prior to 
arthroscopy of patients who had been diagnosed 
with TMJ OA. Arthroscopy was performed with 
the patients under general anaesthesia via 
nasoendotracheal intubation and under optimal 
neuromuscular relaxation. The joint anatomy 
was palpated during ventral-dorsal joint move­
ment to identify the maximum concavity of the 
glenoid fossa. Subsequently, a 19-gauge needle 
on a 1 ml syringe was introduced into the poste­
rior recess of the upper joint compartment, 
while the condyle was held in maximum ventral 
position. As lavage fluid, 1 ml water for injection 
(B. Braun Melsungen AG, Germany) was used. 
This water was injected and aspirated at least 5 
times, allowing sufficient intervening time for an 
equilibrium between synovial fluid and lavage 
fluid to arise. Lavage samples demonstrating 
severe contamination with blood were excluded 
from this study. Samples were stored immedi­
ately at -80°C during the collection time. Based 
on arthroscopic findings of angiogenesis of the 
articular cartilage of the articular eminence, six 
samples were selected for estimation of ESAF 
levels. Two samples with minor contamination 
with blood were included to establish the influ­
ence of the presence of blood on the test meth­
ods. One sample that only contained the lavage 
fluid was added as a control. In total, seven 
samples were submitted for ESAF estimation. 
ESAF estimation 
The presence of ESAF was estimated according 
to the method of Weiss et al. 19 The synovial fluid 
lavage was first treated with an equal volume of 
4 M magnesium chloride in order to dissociate 
ESAF from carrier protein. Following diafiltra­
tion at 3000 rpm for 1 hour, the filtrate was pu­
rified on a C 1 8  reverse phase column. Subse­
quently, ESAF was assayed using its ability to 
activate procollagenase. In brief, the sample and 
procollagenase were incubated with labelled col-
4 1  
lagen substrate allowing ESAF, if present in the 
sample, to activate the procollagenase to form 
an active enzyme. This will result in degradation 
of the labelled collagen and release of radioactiv­
ity that can be determined by scintillation 
counting. Results were expressed as units of 
ESAF and represent % activationjmljh. A unit 
of ESAF was defined as the amount required to 
activate fully a unit of procollagenase sufficient 
to degrade 1 11g collagen/h. 
RESULTS 
Surprisingly, all seven samples demonstrated 
considerable procollagenase activation, ranging 
from 10.0±.48 to 32.4±.27 % activationjml/h,  
and therefore supposedly contained ESAF. 
DISCUSSION 
Both the six synovial fluid lavages as well as the 
control, consisting of the lavage fluid, showed 
procollagenase activation, indicating that false 
positive results had been obtained. First, it was 
investigated whether the samples, after they had 
been through the purification process and had 
been separated on reverse phase chromatogra­
phy, had any effect on their own in the absence 
of enzyme on the collagenase assay. In other 
words, was there something in the samples 
which was causing perturbation of the collagen 
fibrils used in the assay, such that they were 
giving a false reading. This turned out to be the 
case. Therefore, it was probable that there was 
something in the syringes or in the lavage fluid 
which was causing this. Because we had used 
nonheparinized syringes, heparin could not be 
responsible. Moreover, although heparin at cer­
tain concentrations is potentiating the action of 
the enzyme, it had no effect on the collagen sub­
strate. Second, it was investigated whether wa­
ter alone caused perturbation of the collagen 
fibrils. Normal laboratory distilled water, as was 
to be expected, had no effect whatsoever with 
nor without the enzyme. However, water for in­
jection that had been used as lavage fluid to our 
amazement did give an increased reading in the 
absence of enzyme and was obviously responsi­
ble for doing something to the collagen sub­
strate. 
Water that is very pure is a virtually universal 
solvent and will dissolve to a certain extent al­
most anything in which it is contained. The wa­
ter for injection is stored in plastic capsules, and 
it is very probable that some contaminants, 
such as the plasticizer, are leaching from the 
plastic. The increased reading in the absence of 
the enzyme is highly likely caused by the 
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plasticizer which is simply going through the 
reverse phase column and giving a false positive 
result. Therefore, in addition to a profound effect 
on humanity and the environment,20 plasticizer 
has a confounding effect on synovial fluid analy­
sis of TMJ lavages.  
The development of TMJ arthroscopy and 
arthrocentesis has resulted in an increased 
availability of synovial fluid as a clinical re­
search material. The presence of a variety of bio­
chemical factors has already been investigated 
in TMJ synovial fluid, including 1) plasma­
proteins/1 which are biochemical signs of in­
flammation; 2) glycosaminoglycans,22 reflecting 
the metabolic activity of the articular cartilage; 
3) prostaglandin E2 and leukotriene B4,23 which are inflammatory and pain mediators; 4) 
neuropeptides,24 suggesting neurogenic inflam­
mation; 5) keratan sulphate, 25 reflecting this 
particular proteoglycan turnover; and 6) tumor 
necrosis factor-a,26 which is both an inflamma­
tory mediator and a modulator of bone resorp­
tion. With the exception of the study of 
glycosaminoglycans by Smith et al,22 in all these 
studies synovial fluid lavages were investigated, 
assuming the concentration of the studied com­
ponents to be representative of their amount in 
the synovial fluid. However, an equilibrium be­
tween synovial fluid and lavage fluid will need 
sufficient time and may not arise at all if the 
synovial fluid has a high viscosity. In our pilot 
study of ESAF, the dilution factor was not yet 
considered, but should have been determined in 
the follow-up study. Until now, two methods 
have been described for the estimation of TMJ 
synovial fluid volume and determination of fac­
tor concentration. First, Aghabeigi et al27 pro­
posed a method involving the oral administra­
tion of aspirin, and the subsequent measure­
ment of the concentration of salicylate in plasma 
and in the lavages. The lavage/plasma ratio 
would allow the synovial fluid volume to be cal­
culated. This method is based on the assump­
tion that salicylate concentration in the synovial 
fluid, over time, is similar to that in plasma. 
Second, Alstergren et al28 proposed a method 
involving the addition of vitamin B12 as an inter­nal standard to the lavage fluid immediately be­
fore injection, and the subsequent photometrical 
comparison of the lavage with the injection solu­
tion. However, both methods to determine the 
dilution factor in TMJ synovial fluid lavages 
have possible limitations. Therefore, further 
study is needed on this subject, before the true 
significance of factors that are reported to be 
present can be established. 
Other problems in TMJ synovial fluid analysis 
include the frequent lack of normal controls, the 
potential contamination of lavages with blood 
producing a source of errors, and the needed 
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confirmation that synovial fluid is present in the 
sample at all.29 Moreover, it is theoretically pos­
sible that due to the lavage procedure itself, bio­
chemical factors may become dislodged from the 
articular tissues and may dissolve in the synovi­
al fluid, resulting in an increased and unrealisti­
cally high factor concentration. In conclusion, 
several problems have to be overcome in TMJ 
synovial fluid analysis, while it should be taken 
into consideration that factors present in the 
lavage fluid may have a profound impact on the 
test methods, as shown in this study. Neverthe­
less, studies on the biochemical events in the 
TMJ should be highly encouraged as they will 
provide a further insight into the pathogenesis 
of, and eventually possible causal therapeutic 
treatment of TMJ disorders. 
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THE STRUCTURE OF THE NORMAL SYNOVIAL MEMBRANE OF THE 
TEMPOROMANDIBULAR JOINT 
- A review of the literature and a study of synovial membrane of -
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SUMMARY 
Objective. To evaluate the structure of normal synovial membrane of the healthy temporomandibular 
joint (TMJ) ,  based on knowledge of the structure of synovial membrane in synovial joints in general. 
Conclusions. Synovial membrane consists of two layers: the synovial intima, a lining cell layer facing 
the joint space, and the subintimal tissue, a supportive layer. Based on differences in tissue 
structure of the subintimal tissue, the synovial membrane is differentiated into areolar, fibrous, 
adipose, and mixed types. In the TMJ, the presence of adipose synovial membrane is highly unlikely. 
The synovial intima cells are, based on characteristic electron microscopic features, differentiated 
into type A and B synovial cells. The synovial intima extracellular matrix (ECM) is differentiated from 
the subintimal tissue ECM by the relative lack of collagen. In the TMJ, the light and electron 
microscopic appearances of normal synovial membrane have not yet been determined, but most likely 
are similar to those of normal synovial membrane of synovial joints in general. 
J Oral Maxillofac Surg 54: 332-338, 1996 
INTRODUCTION 
The synovial membrane of the temporomandi­
bular joint (TMJ) lines all intraarticular struc­
tures except the articular eminence, fossa, man­
dibular condyle, and the articular disc. The 
synovial membrane comprises all tissue bor­
dered by the joint space on one side and the 
joint capsule on the other side. Synovial mem­
brane consists of two layers. The first layer is a 
lining cell layer facing the joint space, the so­
called synovial intima. The second layer is a 
supportive layer, the so-called subintimal tissue 
or subsynovial tissue. 1  The synovial intima cells 
can only be differentiated from cells in the 
subintimal tissue by their position and arrange­
ment. 2 Because the synovial membrane is not 
clearly demarcated from underlying tissues and 
lacks a basement membrane, the term "synovial 
lining" is frequently used in the literature as a 
synonym for synovial membrane. However, this 
is potentially confusing because the term 
"synovial lining cell" is used to indicate a synovi­
al intima cell. Moreover, sometimes the terms 
"synovial macrophage" and "synovial fibroblast" 
are used, whereby it remains unclear whether 
synovial intimal cells or cells from the subinti­
mal tissue are indicated. Therefore, in this chap­
ter the original terminology as proposed by 
Ghadially is used. 1  
The TMJ is  frequently affected by osteoarthrit-
is (OA) and internal derangement, which are 
clinically characterized by a complex set of signs 
and symptoms including pain, limitation of joint 
movement, and joint sounds.3 Most studies of 
structure and biochemistry have concentrated 
on articular cartilage, although the synovial 
membrane is known to play an important role in 
maintaining normal joint physiology and in joint 
pathology. Both normal and osteoarthritic artic­
ular cartilage of the TMJ show striking similari­
ties to those of other synovial joints, as evi­
denced by light and electron microscopic stud­
ies.4 The TMJ is a synovial joint and obeys the 
same biological laws as do other synovial j oints.5 
Therefore, knowledge of the synovial membrane 
in other synovial joints may be applied to the 
synovial membrane of the TMJ. The aim of this 
study was 1) to discuss the structure of the nor­
mal synovial membrane of the healthy TMJ, 
based on knowledge of synovial membrane in 
synovial joints in other parts of the body; and 2) 
to indicate what is known concerning these fac­
tors of the synovial membrane in the TMJ in 
specific. 
STRUCTURE OF THE NORMAL SYNOVIAL 
MEMBRANE 
Light microscopic appearance 
The synovial intima consists of cells set in an 
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Figure 1. A. Areolar synovial membrane of the TMJ. The subintima is composed of loose fibrous connective tissue. Adjacent 
to the joint space (JS) lies the synovial intima, which is one or two cells thick. The surface of the intima shows folds and 
projections. Underneath the intima, several blood vessels (arrows) can be seen (Toluidine blue stain, magnification x280).B. 
Fibrous synovial membrane of the TMJ. The subintima is composed of dense fibrous tissue. The intima is only one cell layer 
thick. The intima cells are flattened in the plane of the surface. Note the absence of blood vessels (Hematoxylin-eosin stain, 
magnification x230). 
extracellular matrix (ECM). The synovial intima 
cells are usually one to four layers deep.1  The 
shape of the synovial intima cells varies from 
polygonal to elongated. The synovial intima does 
not comprise a homogenous cell population, as 
evidenced by stainings demonstrating the pres­
ence of different amounts of RNA.1 The synovial 
intima forms a compact, although not continu­
ous, layer. The ECM of the synovial intima is 
frequently seen in contact with the joint space. 
According to Ghadially, no fundamental mor­
phological differences exist in the synovial in­
tima within one joint, or from joint to joint. 1 The 
subintimal tissue, however, does show morpho­
logical differences in deep tissue structure. On 
the basis of these differences, the synovial mem­
brane is generally differentiated into areolar, 
fibrous, and adipose types. Mixed types also oc­
cur. The areolar synovial membrane is charac­
terized by the presence of loose collagen-con­
taining subintimal tissue, whereas the fibrous 
synovial membrane is characterized by the pres­
ence of dense collagenous subintimal tissue (Fig 
1 ) .2 The presence of either areolar or fibrous 
synovial membrane in a specific part of the joint 
is presumably related to the mechanical de­
mands of that region .6 The adipose synovial 
membrane is characterized by the presence of 
fat pads directly adjacent to the joint space. Be­
cause no such fat pads exist in the normal TMJ, 
the presence of adipose synovial membrane in 
the TMJ is highly unlikely. Nevertheless, an in­
crease in adipocytes in the subintimal tissue 
may be seen with age or in pathology. 
The surface of the synovial membrane often 
shows folds and projections. The number and 
size of these projections increase with age. 1 The 
subintimal tissue contains fibroblasts, macro­
phages, and mast cells, and is richly supplied 
with blood vessels and lymphatics. The number 
of blood vessels in the normal synovial mem­
brane appears to depend on the type of synovial 
membrane.2 The areolar synovial membrane is 
described to be highly vascularized, with the 
presence of an extensive capillary plexus in the 
subintimal tissue. The fibrous synovial mem­
brane is found to be the least vascularized. 
Moreover, the degree of vascularization varies 
with age. 1 Originally it was thought that no free 
nerve endings are present in the synovial mem­
brane, the only nerve fibers being those in the 
adventitia of the blood vessels. However, recently 
free nerve fibers have been demonstrated by 
substance P- and calcitonin gene-related peptide 
immunoreactivity.7 In the TMJ synovial sub­
intimal tissue, large amounts of elastin fibers 
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Figure 2. A. Synovial A cell. Many Golgi complexes (G) and cell processes (arrows) can be seen (Transmission electron 
microscopy (TEM), magnification xl2,595). B. Detail of A. Note the prominent presence of Golgi complexes (G) and related 
vesicles (TEM, magnification x35,896). 
have been found.8•1 1  
Electron microscopic appearance 
Synovial intima cells 
The synovial intima cells can be differentiated 
into two main cell types on the basis of charac­
teristic electron microscopic features: type A and 
type B synovial cells (Figs 2,  3).  Type A cells are 
characterized by the presence of prominent 
Golgi complexes and many related vesicles and 
vacuoles, whereas rough endoplasmic reticulum 
(RER) is relatively scanty. Moreover, type A cells 
have been shown to contain a relatively dense 
nuclear chromatin pattern, with rare nucleoli, 
and more cell processes, mitochondria, lyso­
somes, and intracytoplasmic filaments than type 
B cells (Fig 2) Y Type B cells are characterized 
by the presence of prominent RER, whereas only 
a few Golgi complexes are found (Fig 3) . 1  More­
over, type B cells have been described as con­
taining an open nuclear chromatin pattern with 
many nucleoli.2 
The nucleus of synovial intima cells tends to 
lie at the deeper end of the cell . 12 It has no or 
quite thin nuclear fibrous lamina. 1  The amount 
of RER is the main factor in differentiating A and 
B cells. The cisternae of the RER can be dilated,  
containing proteinaceous material. Polyribo­
somes lining the surface of the cisternae are en-
gaged in protein synthesis for export purposes. 13 
Proteins synthesized in the RER are stored there 
for some time, which explains the moderate dila­
tation of the RER. Subsequently, the proteins 
are brought by transfer vesicles to the Golgi 
complex, where they are collected, condensed 
and modified. Some polyribosomes can be found 
lying free in the cytoplasm. These polyribosomes 
are engaged in protein synthesis for endogenous 
needs.13 
The amount of Golgi complexes and related 
vesicles and vacuoles is the second main factor 
in differentiating A and B cells. The secretory 
products derived from the RER are collected and 
condensed in the Golgi complex, and often com­
ponents produced by the Golgi complex are 
added. Single membrane-bound granules with 
the completed secretory product are budded 
from the Golgi complex and remain in the cyto­
plasm until the moment of discharge. 13 In type B 
synovial cells, secretory granules have been 
found in which the granule matrix contains 
glycosaminoglycans and/or glycoproteins, and 
in which the granule core material is largely 
proteinaceous in nature. 14 
Primary lysosomes of synovial intima cells 
contain a battery of acid hydrolases. Primary 
lysosomes are of low or medium electron-den­
sity, and therefore hardly distinguishable from 
other intracytoplasmic vesicles. The acid hydro­
lases, consisting of proteins and glycoproteins, 
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Figure 3. A. Synovial B cell. A prominent RER is present. Note the nucleolus (N) (TEM, magnification x 1 2,595). B. Detail of 
A. Note the prominent RER (TEM, magnification x30,720). 
are probably produced by the RER and pack­
aged by the Golgi complex.1 Secondary lyso­
somes and residual bodies are frequently seen in 
synovial A cells as electron-dense structures, 
because these cells are avidly phagocytic. Be 
cause of this phagocytic capacity, especially of 
the A cells, the synovial membrane has been 
described as the articular territory of the 
reticuloendothelial system of Aschoff. 15 An in­
crease in secondary lysosomes is seen in patho­
logic specimens. 1 Residual bodies frequently 
contain lipofuscine, probably because, although 
primary lysosomes contain a battery of acid hy­
drolases, they contain only few lipases. 16 
Intracytoplasmic filaments in synovial intima 
cells are usually seen in the juxtanuclear zone, 
especially of the A cells. These intracytoplasmic 
filaments consist presumably of vimentin fila­
ments. An increase in intracytoplasmic fila­
ments is seen with age and pathologic condi­
tions. '  
The cell membrane of  normal synovial intima 
cells lacks intercellular junctions. However, in 
areas where synovial intima cells are closely 
packed, cell membrane interdigitations are fre­
quently seen. 1  Desmosome-like structures have 
been reported in synovial intima hyperplasia. In 
normal porcine synovial intima, Singer et al has 
identified fibronexus, especially in type B cells.17 
These fibronexus are composed of extracellular 
fibronectin cables associated with cellular actin 
microfilaments. However, the presence of these 
or other junctions, to our knowledge, has not yet 
been demonstrated in the human synovial in­
tima. Cell processes of synovial intima cells are 
often seen extending over the surface of the 
synovial intima. 2 
In normal TMJ synovial membrane, the elec­
tron microscopic appearance of synovial intima 
cells is probably similar to that in synovial joints 
in general, but this is yet to be established. 
Synovial intima extracellular matrix. 
The ECM of the synovial intima is clearly differ­
entiated from the ECM of the subintimal tissue 
by the relative lack of collagen (Fig 4). The 
synovial intima ECM contains a limited amount 
of collagen, fine microfibrils, so-called fibrous 
long spacing fibers, and amorphous components 
of moderate electron-density. 1 •2 A network of fine 
microfibrils is located predominantly adjacent to 
the joint space.18 Periodic collagen fibrils are 
located predominantly in the deeper layers of the 
synovial intima. 1 Reticulin fibers have been 
found in the ECM of the synovial intima, al­
though elastin fibers are very rare. Fibronectin 
is prominently present in the synovial intima 
ECM.2 A true basement membrane, as defined at 
the ultrastructural level by the presence of a 
trilaminar structure of lamina densa, lamina 
lucida, and reticular lamina, between the 
synovial intima and subintimal tissue is absent. '  
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Figure 4. A. The ECM of the synovial intima contains numerous fme microfibrils (M). Underneath the intima collagen fibrils 
(C) are seen (TEM, magnification x29, 184). B. The ECM of the synovial subintimal tissue of fibrous synovial membrane 
contains numerous collagen fibrils (C). Note the presence of several fibroblasts (F). The ECM of the synovial intima is 
characterized by the relative lack of collagen fibrils and the presence of fme microfibrils (M) (TEM, magnification x l 0 ,752) . 
Synovial subintimal tissue 
The electron microscopic appearance of the 
synovial subintimal tissue depends on the type 
of synovial membrane. The synovial subintimal 
tissue of a fibrous synovial membrane is charac­
terized by the presence of numerous collagen 
fibrils that are grouped together to form fibers 
(Fig 4 B) . The synovial subintimal tissue of an 
areolar synovial membrane is characterized by 
the presence of fewer collagen fibrils that are 
separated by abundant interfibrillary matrix. 
The synovial subintimal tissue of an adipose 
synovial membrane is characterized by the pres­
ence of numerous adipocytes that are filled with 
a large fat droplet. However, as previously men­
tioned, the presence of an adipose synovial 
membrane in the TMJ is highly unlikely. The 
capillaries that lie underneath the synovial in­
tima frequently appear to be fenestrated, which 
presumably facilitates a rapid exchange of water 
and solutes. In the deeper layers of the synovial 
subintimal tissue, Pacinian corpuscles are 
found.1  
In normal TMJ synovial membrane, the elec­
tron microscopic appearance of the synovial in­
tima ECM and the synovial subintimal tissue is 
probably similar to that in synovial joints in gen­
eral, but this is yet to be established. 
DISCUSSION 
Relatively little is known of the structure of nor­
mal synovial membrane of the healthy TMJ. 
Only a few light microscopic studies and, to the 
best of our knowledge, no electron microscopic 
studies of normal TMJ synovial membrane have 
been published.10• 1 1  However, it is likely that 
TMJ synovial membrane is quite similar to 
synovial membrane in other synovial joints, in 
analogy with TMJ articular cartilage.4 Because 
the synovial membrane plays an important role 
both in maintaining normal joint physiology and 
in joint pathology, 19 further study of the struc­
ture of normal TMJ synovial membrane is 
needed. 
The presence and distribution of the various 
types of synovial membrane in the normal hu­
man TMJ have not yet been mapped. Because of 
the absence of fat pads adjacent to the joint 
space, the presence of an adipose synovial mem­
brane in the TMJ is highly unlikely. Therefore, 
the predominant types of synovial membrane in 
the TMJ are the areolar, fibrous, and mixed 
types. The presence of either of these three types 
in a specific part of the TMJ is presumably re­
lated to the mechanical demands of that region.6 
This may explain the presence of dense fibrous 
tissue and even fibrosis of the retrodiscal tissue 
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in disc displacement.20•2 1 The normal synovial 
membrane of the posterior superior recess of the 
TMJ has been described as loose fibrous con­
nective tissue containing collagen and elastin 
fibers, presumably indicating an areolar synovi­
al membrane.22 However, this description is 
based on the histologic findings in only three 
joints with "normal appearing tissues with the 
exception of mild disc displacement."  
The difficulty in mapping the distribution of 
the various types of synovial membrane in the 
normal human TMJ is due to the limited avail­
ability of truly normal synovial membrane. Ini­
tially, we set out to study the distribution of the 
various types of synovial membrane in clinically 
normal TMJs of oncology patients in whom a 
hemimandibulectomy had been performed be­
cause of the presence of a malignancy elsewhere 
in the mandible. During the hemimandibulec­
tomy, the mandibular condyle was removed and 
the retrodiscal tissue as well as the anterodiscal 
tissue were excised en bloc, and the lateral and 
medial sides of the specimens were marked. In 
this way, synovial membrane biopsies of three 
TMJs were obtained .  Light microscopic examina­
tion of the synovial membrane of one of the 
joints failed to demonstrate the presence of a 
synovial intima cell layer, presumably due to 
technical difficulties in obtaining the biopsy 
specimens. Light microscopic examination of the 
synovial membrane of the other two joints, how­
ever, showed significant inflammatory and de­
generative changes inconsistent with normal 
synovial membrane. These changes included the 
presence of extensive inflammatory infiltrates, 
extravasation of erythrocytes, as well as the 
presence of numerous adipocytes in the synovial 
subintimal tissue (Fig 5) . Two factors may possi­
bly explain the presence of these remarkable 
changes. First, both patients had received pre­
operative irradiation treatment.  Although in­
flammatory infiltrates have been demonstrated 
in the synovial membrane of knee j oints of 
healthy individuals,23 it is quite conceivable that 
preoperative irradiation treatment in our pa­
tients might have caused a disturbance of im­
munological mechanisms. Second, both patients 
were older than 60 years of age. Therefore, the 
presence of adipocytes in their subintimal tissue 
may be age-related. However, studies of age-as­
sociated changes both in rabbit and normal hu­
man knee joint synovial membrane have demon­
strated a decrease in cellularity and vascularity 
as well as increase of fibrous tissue, rather than 
the presence of adipocytes.24•25 Therefore, be­
cause of these intervening factors, the study of 
TMJ synovial membrane of oncology patients 
was discontinued. 
Considerable controversy exists in the litera­
ture about the origin and function of the synovi-
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Figure 5. Synovial membrane of a clinically normal TMJ of 
an oncology patient. Numerous adipocytes (A) are seen in 
the subintimal tissue. Note the extravasation of erythro­
cytes and the presence of inflammatory infiltrates (arrows) 
(Toluidine blue stain, magnification xSS). 
al type A and B cells. Based on their 
ultrastructural characteristics, type A cells are 
frequently described as macrophage-like, and 
type B cells as fibroblast-like. However, accord­
ing to Ghadially, both A and B cells have 
phagocytic and secretory potential, and there­
fore are "not distinct and different races of cells, 
but interconvertible cells whose difference in 
morphology reflects the function they have per­
formed or are performing." '  Consequently, as 
nuclear and cytoplasmic patterns of cells change 
with cell activity, intermediate cells should exist, 
the so-called AB or C cells. 1 •2 Conflicting evi­
dence, however, comes from ultrastructural 
studies by Bar land et al26 and Graabaek, 12 in 
which only two distinct types of synovial intima 
cells were found. 
The embryologic origin of synovial intima cells 
is, according to Ghadially, the mesenchyme of 
the original skeletal blastema. 1 Edwards and 
Willoughby, however, have demonstrated in a 
study of mice that at least some type A cells 
arise from bone marrow-derived monocytes in 
the circulation.27 Complementary evidence for 
the monocyte/bone marrow-derivation of synovi­
al A cells comes from immunohistochemical 
studies. Some synovial intima cells have been 
shown to express monocyte/macrophage-associ­
ated antigens ,  indicating that these cells are of 
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bone marrow-derivation.28 Moreover, the synovi­
al intima hyperplasia in both rheumatoid arthri­
tis and OA is partly explained by the recruit­
ment of these monocyte/bone marrow-derived 
cells.29 Furthermore, type A synovial cells have 
been shown to contain muramidase, which is a 
marker of mononuclear phagocytic cells.30 
In conclusion, most type A synovial cells 
probably arise from bone marrow-derived mono­
cytes, and are closely related to macrophages. 
Most type B synovial cells probably arise from 
the mesenchyme of the original skeletal blas­
tema. The differentiated state of these A and B 
cells is presumably maintained by the interac­
tion with the ECM, synovial fluid, and other in­
tima cells. 29 
Further controversy exists in the literature 
about the predominant cell type in the human 
synovial membrane. According to Fox and Kang, 
20% to 30% of the synovial intima cells are type 
A cells, whereas 70% to 80% are type B cells. 29 
However, the predominance of a specific synovial 
intima cell type is presumably age-related, be­
cause in the human fetal synovial membrane 
more type B cells are found, whereas in the 
synovial membrane of older individuals more 
type A cells are found. 1 '24'25 
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CHAPTER 7 
THE FUNCTION, BIOCHEMISTRY, AND METABOLISM OF THE NORMAL SYNOVIAL 
MEMBRANE OF THE TEMPOROMANDmULAR JOINT 
- A review of the literature -
Leonore C. Dijkgraaf, 1 Lambert G.M. de Bont, 1 Geert Boering, 1 Robert S. B. Liem2 
1TMJ Research Group, Department of Oral and Maxillofacial Surgery, University Hospital Groningen, The Netherlands 
2-J'MJ Research Group, Laboratory for Cell Biology and Electron Microscopy, University of Groningen, The Netherlands 
SUMMARY 
Objective. To evaluate the function, biochemistry, and metabolism of the normal synovial membrane 
of the healthy temporomandibular joint {TMJ),  based on knowledge of synovial membrane in synovial 
joints in general. 
Conclusions. The synovial membrane fulfills several important functions in maintaining normal joint 
physiology and joint function, including the provision and preservation of a non-adherent, low­
friction surface of a deformable packing that enables a full range of positions, as well as the provision 
of nutrients for the chondrocytes and elimination of their waste products and of ECM debris, and 
production of synovial fluid components. The biochemical components of the ECM of synovial intima 
include hyaluronic acid, proteoglycans {with the glycosaminoglycans dermatan sulphate, chondroitin-
4-sulphate and chondroitin-6-sulphate) ,  collagen (type I, Ill, IV and VI), and structural glycoproteins 
(fibronectin and laminin). Synovial intima cells are capable to synthesize, and presumably degrade all 
their ECM components. An "internal remodeling system" by the synovial intima cells is postulated to 
exist in normal tissue turnover. In the TMJ, the function and biochemical and metabolic features of 
normal synovial membrane have not yet been determined, but most likely are similar to those of 
normal synovial membrane in synovial joints in general. 
J Oral Maxillofacial Surg 54: 95- 1 00, 1996 
FUNCTION OF THE NORMAL SYNOVIAL MEM­
BRANE 
The synovial membrane of synovial joints in gen­
eral fulfills several important functions in main­
taining normal joint physiology and joint func­
tion. These functions include the provision and 
preservation of a nonadherent, low-friction sur­
face of a deformable packing that enables a full 
range of positions, as well as the provision of 
nutrients for the chondrocytes and elimination 
of their waste products and ECM debris, and 
production of synovial fluid components. 1 
Surface nonadherence 
The nonadherence of the synovial intima sur­
face, and consequently the presence of a free 
space, is probably the most unique and charac­
teristic feature of the synovial membrane. Al­
though synovial intima cells are tightly bound to 
each other and their extracellular matrix (ECM) , 
tight enough to prevent rapid exit of synovial 
fluid through the surface during vigorous joint 
movement, no cross-links with opposing sur­
faces occur. Several theories have been proposed 
to explain the nonadherence of the surface of 
the synovial membrane. Fibronectin is promi­
nently present in the synovial intima, and seems 
to play an important role in cell adherence.2 
Fibronectin is distributed both in the tissue and 
at the fluid surface of the synovial intima, and 
therefore its distribution does not explain the 
surface nonadherence. 1 Components of the 
synovial fluid may inhibit cross-link formation. 
It is well known that hyaluronic acid is the ma­
jor lubricant of synovial membrane.3•4 Moreover, 
fibronectin chains contain domains that have 
particular binding affinities for hyaluronic acid.5 
Thus, it is quite conceivable that hyaluronic acid 
binding with fibronectin at the synovial intima 
surface plays an important role in maintaining 
surface nonadherence. Currently, studies are 
being undertaken in our Department to sub­
stantiate this hypothesis. 
The second theory explaining the synovial 
membrane surface nonadherence is based on 
movement that continuously breaks down any 
cross-links that may develop. In the tempo­
romandibular joint (TMJ) , the presence of fi­
brous adhesions has been amply demonstrated 
in arthroscopic studies of the superior joint 
space of patients with osteoarthritis and internal 
derangement.6 Consequently, it is concluded 
that intracapsular fibrosis and fibrous adhe­
sions may contribute significantly to TMJ dys­
function and pain. Moreover, in our experience, 
patients with TMJ pain will limit mandibular 
condyle movement to avoid further discomfort. 
54 Cha ter 7 
Figure 1. Synovial A cell ofTMJ synovial membrane with phagocytosed erythrocyte (E). Note the presence of prominent Golgi 
complexes (G) , characteristic of synovial A cells (transmission electron microscopy, magnification xl7,255). 
Figure 2. Fibrous TMJ synovial membrane. The presence of surface folds and projections facilitates movement (Hematoxylin­
eosin stain, magnification x l l O) .  
Subsequently, as  a result of  the limited joint 
movement, adhesions may develop contributing 
to further TMJ dysfunction and pain. However, 
in joint immobilization of healthy synovial j oints 
no apparent cross-link formation occurs. 1  There­
fore, limited or no joint movement per se does 
not necessarily result in cross-link formation 
with opposing joint surfaces. In patients with 
TMJ pain, limited joint movement may have to 
be combined with pathological changes in the 
synovial membrane for adhesion formation to 
occur. 
Other theories explaining synovial membrane 
nonadherence are based on specific qualities of 
the synovial intima cells.  These qualities include 
the enormous phagocytic capacity, especially of 
synovial A cells, resulting in removal of cellular 
and ECM debris from the joint space (Fig 1) .  
Moreover, collagenase produced by the synovial 
intima cells has been implicated in preventing 
surface adherence, although the collagenase 
secreting capacity of normal synovial intima 
cells has not yet been established. 1  
Surface low-friction 
The exceptionally low surface friction during 
joint movement is probably achieved by a combi­
nation of a relatively smooth tissue surface 
structure, boundary and weeping lubrication of 
the tissue surfaces, and the presence of synovial 
fluid. 1  The main contribution of the synovial 
membrane to the surface low-friction is the pro­
duction of synovial fluid components, including 
the boundary lubricant for cartilage, lubricating 
glycoprotein- ! (LGP- 1 )  or lubricin, and the 
boundary lubricant for synovial membrane it­
self, hyaluronic acid. Further details of the pro­
duction of synovial fluid components will be dis­
cussed below. 
Deformable packing 
The synovial membrane functions as a deform­
able, although solid, packing that allows chang­
es in position and in intraarticular pressure. 
Surface projections of the synovial membrane 
facilitate adaptation to these changes by inde­
pendent movement of individual projections (Fig 
2) .  Moreover, the increase in the number of sur­
face projections seen with age may compensate 
for the decreasing deformability of aging synovial 
membrane. 1 During joint movement, the synovi­
al membrane keeps in close contact with oppos­
ing joint surfaces due to the negative intra­
articular pressure to maintain joint stability. In 
the TMJ, if the condyle moves anteriorly, the 
synovial membrane fills the void in the glenoid 
fossa through venous dilatation and expansion 
of the synovial membrane trabeculae, presum­
ably by mechanical rearrangement of tissue 
fluid.7 If the condyle is seated again, the synovial 
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membrane is compressed, expelling blood from 
the vessels and tissue fluid from the trabeculae. 
The capricious course, especially of the smaller 
synovial membrane vessels, minimizes the 
chance of vessel damage during extensive volu­
metric changes. 
The synovial membrane of the TMJ retrodiscal 
tissue contains large amounts of elastin fibers. A 
long held belief is that these elastin fibers re­
tract the TMJ articular disc during jaw closure. 
However, the expansion and contraction of the 
synovial membrane during j oint movement is in 
general more consistent with a concertina-like 
action rather than with elastic stretching of the 
tissue.3 The close approximation of elastin fibers 
to vessel walls in TMJ retrodiscal tissue has re­
cently led to the hypothesis that the elastin fi­
bers function as a pump, facilitating blood flow 
during venous dilatation and compression. 7 
Provision of chondrocyte nutrients and elimi­
nation of waste products 
The synovial membrane is the main source of 
nutrients for the articular cartilage chondro­
cytes. The density of the vascular plexus of the 
synovial membrane, however, is more related to 
the metabolic requirements of the synovial in­
tima cells rather than those of the articular car­
tilage chondrocytes. 1 The pathway of solutes to 
the chondrocytes requires endothelial wall pas­
sage, diffusion through the synovial ECM, diffu­
sion through the synovial fluid, and diffusion 
through the cartilage ECM.  Endothelial wall 
passage of solutes is facilitated by the presence 
of fenestrated capillaries. The endothelium limits 
the synovial permeability of proteins, whereas 
the synovial ECM limits the synovial permeabil­
ity of smaller molecules. The synovial permeabil­
ity is inversely related to the dimensions of the 
passing molecule.3 Diffusion through the synovi­
al ECM is facilitated by the absence of a true 
basement membrane between the synovial in­
tima and the subintimal tissue. Moreover, joint 
movement as well as joint effusion will increase 
synovial permeability by stretching the synovial 
membrane and thus increasing the intercellular 
distances in the synovial intima and decreasing 
the vessel-intima surface distances.3 Once the 
solutes have reached the synovial intima surface 
they are presented to the articular cartilage 
chondrocytes either by direct contact with the 
synovial membrane, or by diffusion through the 
synovial fluid and through the cartilage ECM. In 
this respect, the presence of joint effusion may 
impair chondrocyte nutrition by rendering the 
diffusion path through the synovial fluid rela­
tively long. Diffusion through the cartilage ECM 
is again facilitated by joint movement. 
The synovial membrane not only provides nu­
trients for the articular cartilage chondrocytes, 
but also eliminates their waste products and 
extracellular matrix debris after diffusion of 
these products through the cartilage ECM and 
synovial fluid to the synovial membrane.  Cellu­
lar elimination of fluid and fine particulate ma­
terial is evidenced electron microscopically by 
the presence of numerous pinocytotic vesicles 
and vacuoles and the presence of secondary 
lysosomes, especially in type A synovial cells.8 
Furthermore, elimination of materials from the 
joint space is possible by egress through 
intercellular spaces between synovial intima 
cells by diffusion to lymphatics. These lym­
phatics are drained by mechanical compression 
during joint movement, thereby sustaining the 
osmotic differential. 9 
Production of synovial fluid components 
Synovial fluid in general is a dialysate of blood 
plasma.3 Solutes of small molecular weight 
equilibrate between plasma and synovial fluid, 
whereas the concentration of plasma proteins in 
the synovial fluid depends on the vascular per­
meability of the synovial vessels and on the mo­
lecular dimensions and weight. 1 •3·8 The synovial 
membrane, however, not only dialyzes blood 
plasma, but also produces several synovial fluid 
components, including hyaluronic acid and sev­
eral proteins. The synthesis and secretion of 
hyaluronic acid, hyaluronic acid protein, and 
LGP- 1 has been attributed to type B synovial 
cells. 10• 1 1 The synthesis of LGP- 1 may be a 
unique feature of synovial intima cells, and may 
differentiate synovial intima cells, which are a 
specialized form of connective tissue cells, from 
other connective tissue cells. 
The synovial membrane not only controls the 
composition but also the volume of synovial 
fluid present in the joint space. In normal 
synovial joints, the volume of synovial fluid will 
be minimized by the osmotic differential exerted 
by the synovial intima ECM.9 
BIOCHEMISTRY AND METABOLISM OF THE 
SYNOVIAL MEMBRANE 
The structure and biochemical composition of 
the synovial membrane ECM in synovial joints 
in general determines the biomechanical charac­
teristics of the synovial membrane, such as elas­
ticity, lubrication, and resilience. However, the 
ECM components probably not only serve as 
structural components in a biomechanical 
framework, but also function as mediators of 
biological activity and partly control trans­
synovial flow of proteins and fluid. 12 
Relatively little is known of the biochemistry and 
metabolism of synovial membrane in compari­
son with the vast knowledge of the biochemistry 
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and metabolism of articular cartilage. This may 
be explained by the heterogenous cell population 
of the synovial intima and the phenotypic insta­
bility of these cells in cell culture. The biochem­
istry and metabolism of the subintimal tissue 
are comparable with those of other connective 
tissues, depending on the type of synovial mem­
brane. The biochemistry and metabolism of the 
synovial intima are more unique, and will be 
discussed hereafter. 
Synovial intima cells 
The synovial intima cells,  consisting of type A 
and type B synovial cells ,  are set in an 
extracellular matrix. Synovial intima cells have 
an extraordinary high metabolic activity, as well 
as an impressive capacity to regenerate after 
trauma or synovectomy. 10·13 They receive their 
nutrients and eliminate their waste products 
from the extensive vascular plexus underlining 
the synovial intima. The synovial intima cells 
have the capacity to synthesize many sub­
stances, including all components of their ECM. 
Broadly, type B synovial cells synthesize and 
modify all ECM and synovial fluid components, 
whereas type A synovial cells predominantly 
eliminate degradation products, including fluid 
and fine particulate material, from the joint 
space and presumably from their ECM . 1 1  Al­
though the synovial intima cells have been dem­
onstrated to contain specific cell membrane re­
ceptors for fibronectin, more research is needed 
on the presence of these and other cell mem­
brane receptors and their possible control of the 
internal architecture of the synovial intima. 
Synovial intima extracellular matrix 
The biochemical composition of the ECM of the 
synovial intima shows, according to Ghadially, 
no fundamental morphological differences with­
in one joint or from joint to joint.8 However, the 
biochemical composition of the ECM of the in­
tima of the fibrous synovial membrane may be 
more fibrous than that of other types of synovial 
membrane. Moreover, the biochemical composi­
tion of the ECM of the synovial intima may vary 
with time, because the ECM is a dynamic sys­
tem that probably is continuously exposed to 
anabolic and catabolic factors. 
The ECM of the synovial intima consists of 
hyaluronic acid, proteoglycans ,  collagen, struc­
tural glycoproteins, and water. Hyaluronic acid, 
the only nonsulphated glycosaminoglycan pres­
ent, is a regular unbranched heteropoly­
saccharide composed of alternating units of N­
acetylglucosamine and glucuronic acid.12 
Hyaluronic acid has been demonstrated within 
the pericellular matrix, especially of superficial 
synovial intima cells. 14 Type B synovial cells 
have been shown to synthesize and secrete 
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hyaluronic acid. 1 1  In cell cultures of synovial 
intima cells, hyaluronic acid production even 
accounts for 75% to 90% of the total produc­
tion. 12 Moreover, this hyaluronic acid production 
is influenced by the concentration and molecu­
lar weight of hyaluronic acid in the extracellular 
environment. 15 However, the precise mechanism 
of hyaluronic acid production has not yet been 
illuminated. Furthermore, although the capacity 
of type B synovial cells to synthesize and secrete 
hyaluronic acid has been established, this does 
not account for the total content of hyaluronic 
acid found in the synovial tissue and fluid. 12 
Therefore, more research on this subject is 
needed. 
Proteoglycans, consisting of a core protein 
with many glycosaminoglycan side-chains, exist 
in synovial intima cell cultures almost exclu­
sively in the form of proteoglycan monomers (ie, 
not linked to hyaluronic acid by link protein). 
Dermatan sulphate is the predominant 
glycosaminoglycan found in synovial intima 
proteoglycans, with lesser amounts of chon­
droitin-4-sulphate and chondroitin-6-sulphate. 12  
Chondroitin-4-sulphate and dermatan sulphate, 
an isomer of chondroitin-4-sulphate, are distrib­
uted homogeneously throughout the intima ma­
trix, whereas chondroitin-6-sulphate is largely 
concentrated in a band at the intima surface, 
where it may act as a repository for growth fac­
tors. 16 Type B synovial cells have been shown to 
synthesize and secrete dermatan sulphate and 
chondroitin sulphate. 1 1  Proteoglycans are highly 
hydrophilic and capable of binding much water. 
In the synovial intima, the proteoglycans are not 
constrained from full expansion by the presence 
of a tight collagen network as is found in articu­
lar cartilage. Nevertheless, the synovial intima 
ECM contains a subatmospheric pressure. This 
subatmospheric pressure is presumably main­
tained by an equilibrium between the ECM 
swelling pressure and compressive forces during 
j oint movement and joint loading inducing 
lymph clearance. 1  In the TMJ, a disturbance of 
this equilibrium may account for the swelling of 
synovial tissues due to water uptake that is fre­
quently seen during TMJ arthroscopic proce­
dures. 
Proteoglycans not only serve as structural 
components in a biomechanical framework, but 
also function as mediators of biological activity. 
Dermatan sulphate, and to a lesser extent 
chondroitin-4-sulphate and chondroitin-6-sul­
phate, increase hyaluronic acid synthesis by 
synovial intima cells both in cell cultures and in 
uivo.11 Moreover, hyaluronic acid inhibits pro teo­
glycan synthesis by chondrocytes in cell cul­
tures.18 
Collagen constitutes 25% to 50% of the dry 
weight of synovial membrane, 12 probably de-
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pending on the type of synovial membrane. The 
main collagen types include type I and type III 
collagen, which are present in equal amounts. 
However, the synovial intima ECM contains only 
a few periodic collagen fibrils as evidenced by 
electron microscopic studies. 19 The network of 
fine microfibrils predominantly adjacent to the 
joint space, and the so-called fibrous long spac­
ing fibers observed electron microscopically, pre­
sumably consist of type VI collagen.20 The bio­
logical role of this network of type VI collagen in 
the synovial intima ECM probably includes me­
chanical and biochemical functions involving the 
entrapment of glycosaminoglycans and glyco­
proteins and, although to a minor degree, this 
adds to the hydraulic resistance of the synovial 
intirna.20 Type IV collagen has been demon­
strated within the pericellular matrix of synovial 
intima cells.21 The biological role of type IV colla­
gen will be discussed later. 
The structural glycoproteins, the noncollagen 
nonproteoglycan glycoproteins, of the synovial 
intima ECM, include fibronectin and laminin. 
Fibronectin has been demonstrated as a dense 
fibrillar meshwork surrounding the synovial in­
tima cells, and is important in cell adherence. 2· 12 
Fibronectin is synthesized and secreted by type 
B synovial cells.22 Laminin has been demon­
strated within the pericellular matrix of the 
synovial intima cells.21 The copresence of 
laminin and type IV collagen, which are the two 
major basement membrane constituents, within 
the pericellular matrix of synovial intima cells 
suggests the presence of a modified basement 
membrane-like structure. The biological role of 
this modified basement membrane may involve 
tissue adherence and the architecture of the 
synovial intima. 21 
DISCUSSION 
The function, biochemistry, and metabolism of 
TMJ synovial membrane are understudied if not 
unstudied subjects, but the importance of the 
synovial membrane in maintaining normal joint 
physiology and joint function may be evident 
from this chapter. Although it is likely that the 
function, biochemistry, and metabolism of TMJ 
synovial membrane are quite similar to those of 
other synovial joints, further study on these 
subjects is needed. 
Most general data on the biochemistry and 
metabolism of synovial intima cells derive from 
cell culture studies, whereby it should be borne 
in mind that synovial intima cells in cell culture 
may display a different biochemical and meta­
bolic behavior than in vivo. Cell growth in nor­
mal synovial cells cultured in serum-free me­
dium appears to be regulated by transforming 
growth factor-� and fibroblast growth factor.23 It 
seems likely that these and other growth factors 
also stimulate the synovial intima cells to syn­
thesize and secrete all intima ECM components 
in normal tissue turnover. In initial pathology, 
connective tissue-activating proteins (CTAPs) 
produced by type A synovial cells stimulate type 
B synovial cells to proteoglycan synthesis in an 
attempt to coat and protect the synovial mem­
brane. 1 1  Furthermore, in normal synovial mem­
brane lysosomal enzyme activity, including 
cathepsin D and acid phosphatase, has been 
demonstrated24 that presumably is capable of 
degrading ECM components. Moreover, normal 
type B synovial cells after stimulation release 
plasminogen activator which, in concert with 
collagenase and the phagocytic capacity of type 
A synovial cells, prevents accumulation of par­
ticulate material on the synovial intima sur­
face. 1 1  Therefore, it also seems likely that synovi­
al intima cells are capable of degrading ECM 
components, probably cytokine-mediated. Con­
sequently, the presence of an internal remodel­
ing system by the synovial intima cells is postu­
lated to exist in normal tissue turnover, as has 
been demonstrated in articular cartilage.25 Nev­
ertheless, more research on the biochemistry 
and metabolism of synovial membrane, both in 
general and in the TMJ in specific, should be 
encouraged. 
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CHAPTER S 
ARTHROSCOPIC FINDINGS IN OSTEOARTHRITIC TEMPOROMANDIBULAR JOINTS 
Leonore C. Dijkgraaf, Frederik K.L. Spijkervet, Lambert G.M. de Bont 
TMJ Research Group, Department of Oral and Maxillofacial Surgery, University Hospital Groningen, The Netherlands 
SUMMARY 
Objective. To study the arthroscopic fmdings in the joint surfaces of osteoarthritic 
temporomandibular joints (TMJs) to evaluate the involvement of the various joint components in the 
osteoarthritic process. 
Study design. Arthroscopy was performed in the upper joint compartment of 40 TMJs in 40 
patients. Thirty-one TMJs that were diagnosed with osteoarthritis (OA) constituted the OA group. On 
the basis of the presence of symptoms related to disc displacement and perforation, OA subgroups 
were defmed. Nine TMJs that were not involved with OA constituted the control group. During the 
arthroscopic examination, various arthroscopic variables were recorded. Differences between groups 
and between subgroups were tested with chi-square tests or Fisher's exact tests, and with Mann­
Whitney U tests. Differences related to arthroscopic variables compared with the duration of clinical 
signs and symptoms were analyzed with chi-square tests or Fisher's exact tests. 
Results. In the OA group, several arthroscopic variables were found significantly more frequently 
than in the control group, the most striking being retrodiscal tissue: redundancy, adhesions ,  
heightened attachment to the posterior wall o f  the glenoid fossa; articular disc: disc displacement, 
limited mobility; and articular eminence: cartilage degeneration. Moreover, in the OA group disc 
displacement was found significantly more frequently in the period after 6 months than during the 
flrst 6 months of clinical signs and symptoms. Anterodiscal hypervascularity was found significantly 
more frequently during the first year than in the period after the first year, as well as during the first 
2 years than in the period after the flrst 2 years of clinical signs and symptoms, whereas a lowered 
attachment to the anterior slope of the articular eminence was found significantly more often in the 
period after 2 years than during the flrst 2 years of clinical signs and symptoms. 
Conclusions. The findings in this study suggest that OA of the TMJ may initially result in synovial 
tissue hypervascularity, creeping synovitis, and redundancy, and subsequently in adhesion formation 
and a reduction of the posterior and anterior recess. Due to articular cartilage fibrillation of the 
articular eminence and the subsequently reduced surface smoothness, the articular disc may become 
displaced. Eventually, discal mobility is limited, and adhesions and a reduced posterior and anterior 
recess prevail. In conclusion, TMJ OA is characterized arthroscopically by an early proliferative 
phase, with proliferation of vascular patterns and tissue redundancy, and a late adhesive, fibrotic 
phase, with adhesion formation, reduced recesses, and limited discal mobility. 
J Oral Maxillofac Surg (submitted) 
INTRODUCTION 
Arthroscopy literally has shed a new light on 
temporomandibular joint (TMJ) disorders. Im­
mediately after the first reports on TMJ arthros­
copy, its potential as both diagnostic and treat­
ment modality was recognized. 1·7 Prior to the 
development of arthroscopy, articular disc posi­
tion had been the main focus of diagnosis and 
treatment of TMJ signs and symptoms, predomi­
nantly based on concurrent clinical and arthro­
graphic findings.8 However, following the devel­
opment of arthroscopy during which direct visu­
alization of all components of the upper joint 
compartment is permitted, the prominent role of 
articular cartilage degeneration that is clinically 
known as osteoarthritis (OA) in TMJ signs and 
symptoms was increasingly appreciated. And 
with this shift in focus came new treatment ra-
tionales. Traditionally, treatment had been 
aimed towards anatomic reduction of the (sup­
posedly) displaced disc. Nowadays, successful 
treatment is aimed at lysis and lavage of the up­
per joint compartment, mobilization of an ad­
hered disc, smoothening of fibrillated cartilagi­
nous surfaces, and in general towards favoring a 
situation in which the adaptive capacities of the 
joint tissues have the utmost opportunity to bal­
ance the increased tissue degeneration in OA. 9"18 
OA results from an imbalance between pre­
dominantly chondrocyte-controlled reparative 
and degradative processes, characterized by pro­
gressive degradation of components of the 
extracellular matrix of the articular cartilage, 
with possibly secondary inflammatory compo­
nents. 19 The initial changes in TMJ OA probably 
occur in the articular cartilage, but all joint 
structures will be affected. The arthroscopic 
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Table 1. Clinical classification criteria of OA, TMJ OA, and TMJ OA subgroups 
Classification 
Knee, hand, hip osteoarthritis 
TMJ osteoarthritis* 
TMJ OA subgroups 
w f o Articular disc involvement (ADI) 
with Reducing disc displacement (RDD) 
with Permanent disc displacement (POD) 
with Disc perforation (DP) 
Criteria 
Generally accepted clinical characteristics include: 
1 .  pain for most days o f  prior month 
2. morning stiffness (lmee, hip) 
3. restricted joint mobility (hip) 
4. functional impairment 
5. crepitus (lmee) 
6. bony enlargement (lmee, hand) 
7.  swelling (hand) 
8. deformity (hand) 
9. reduced erythrocyte sedimentation rate (hip) 
10. possibly radiographic degenerative changes 






TMJ pain for most days of prior month, and 
functional impairment, and 
restricted joint mobility or disturbed movement, and 
possibly radiographic degenerative changes 
Fulfillment of all criteria of TMJ OA in combination with the absence of 
symptoms related to articular disc involvement. 
1 .  
2 .  
3. 
4. 
reproducible clicking on opening, and 
deviation on opening towards affected side with correction 
related to click, and 
clicking or restriction during protrusive movement, and 
reciprocal click or mandibular shift during closing or retrusive 
movement 
1 .  restricted joint mobility, either preceded by period of clicking 
or of sudden onset, and 
2 .  restriction of active and passive opening movement, and 
3. restriction of protrusive movement, and 
4. restriction of movement towards contralateral side 
Nota bene: Restriction of movement may be compensated for by initial 
hypermobility, or may resolve over time. 
1 .  
2 .  
absence of symptoms related to RDD or POD, and 
coarse crepitus 
* Exclusion citeria for TMJ osteoarthritis include TMJ growth disorders, other arthritides such as rheumatoid arthritis and 
crystal deposition diseases, systemic connective tissue disorders, and nonarticular disorders in the oral and maxillofacial 
area. 
findings in TMJs with displacement of the artic­
ular disc have been described in 
literature.2•5•12•20-34 However, although it is cur­
rently generally accepted that OA either or not 
in co-occurrence with articular disc displace­
ment is the most prevalent disorder of the 
TMJ, 35 the arthroscopic fmdings in osteoarthritic 
TMJs have, to our knowledge, not yet fully been 
studied. Therefore, the aim of this study was to 
study the arthroscopic findings in the joint sur­
faces of osteoarthritic TMJs to evaluate the in­
volvement of the various joint components in the 
osteoarthritic process. 
PATIENTS AND METHODS 
Patient selection and diagnostic evaluation 
Forty patients (33 females, 7 males; mean age, 
29.4±9.2 years) who had remained refractory to 
nonsurgical treatment received unilateral 
arthroscopy of the upper joint compartment of 
40 TMJs, including both osteoarthritic and 
nonosteoarthritic TMJs. The osteoarthritic TMJ 
group, hereafter referred to as the OA group, 
consisted of 3 1  TMJs (25 females, 6 males; 
mean age, 30. 1±9 . 1 years) that had been diag­
nosed with OA according to predefined inclusion 
criteria (Table 1 ) .  These criteria were based on 
clinical classification criteria of OA of other 
synovial joints, developed by the American Col­
lege of Rheumatology,36 and universally used to 
characterize OA,37•38 that had been adapted to 
characterize OA of the TMJ. Subgroups of TMJ 
OA were defined on the basis of the presence or 
absence of symptoms related to displacement 
and perforation of the articular disc. These sub­
groups included OA without articular disc in­
volvement (ADI) (n=6) , OA with reducing disc dis­
placement (RDD)(n=O), OA with permanent disc 
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Table 2. Percentage distribution (count) and mean ± standard deviation of clinical variables in 
the control group, OA group and OA subgroups 
CLINICAL VARIABLES Control OA OA wfo ADI OA with POD OA with DP 
(n=9) (n=3 1)  (n=6) (n=22) (n=3) 
Female 89 (8)A 81 (25)A 83 (5) 82 ( 1 8) (2) 
Male 1 1  ( 1 )  19 (6) 17 (1 )  18 (4) ( 1 )  
Mean age in yrs 27.2±9.78 30. 1±9. 18 27.0±6.8 30.4±10. 1 33.7±4 . 1  
Mean duration S&S in 28. 1±22.2 35.3±30.0 58.8±47.7 32.5±2 1 .6  8.7±8 . 1  
months 
Mean duration POD* in 10.3±9.5 (n= 15) 10.3±9.5 (n= 15) 
months 
NSAlDs 22 (2) 10 (3) 33 (2) 5 (1 )  0 
S&S, signs & symptoms; POD*, POD that was preceded by a period of clicking; A, p > 0.05, C vs OA group, "sex-matched"; 
B, p > 0.05, C vs OA group, "age-matched". 
displacement (PDD)(n=22) with or without a pre­
ceding period of clicking, and OA with disc per­
foration (DP)(n=3)(Table 2 ) .  In five TMJs, addi­
tional magnetic resonance imaging (MRI) was 
performed to reach a conclusive diagnosis. 
The nonosteoarthritic TMJ group, considered 
and hereafter referred to as the control group, 
consisted of nine for obvious reasons otherwise 
affected TMJs (8 females, 1 male; mean age, 
27.2±9.7 years) that had been diagnosed with 
painful hypermobility (n=6), traumatic arthritis 
(n=2) , or painful overloading (n= 1 ) .  The sex-ratio 
and mean age did not differ significantly be­
tween the OA and control group (Table 2) .  Ex­
clusion criteria for both groups had included the 
presence of TMJ growth disorders, other 
arthritides such as rheumatoid arthritis and 
crystal deposition diseases, the presence of sys­
temic connective tissue disorders, as well as the 
presence of nonarticular disorders in the oral 
and maxillofacial area. Additional exclusion cri­
teria were previous TMJ surgery, intracapsular 
injections of corticosteroids, and -during the 
arthroscopic examination- the inability to exam­
ine both the posterior and the anterior recess of 
the upper joint compartment, as well as -in the 
light microscopic sections of obtained synovial 
membrane biopsies- the absence of an intact 
transversely sectioned synovial intima.39 
For each TMJ, the duration of clinical signs 
and symptoms was recorded, as well as the du­
ration of PDD in those cases that were preceded 
by a period of clicking and the use of nonsteroi­
dal anti-inflammatory drugs (NSAIDs) by the 
patient (Table 2) .  
Arthroscopy and arthroscopic examination 
Arthroscopy was performed with the patients 
under general anaesthesia via nasoendotracheal 
intubation and under optimal neuromuscular 
relaxation. Preoperatively 1 g cefradine and 
0.5 mg dexamethasone (20 mg/ml) per kg body 
weight were administered intravenously. Prior to 
the arthroscopic procedure an examination of 
the patient under anaesthesia was performed to 
ascertain the joint mobility, translatory capacity 
of the condyle and joint play, and the presence 
of joint sounds. After the appropriate prepping 
and draping of the patient, the joint anatomy 
was palpated during ventral-dorsal jaw move­
ment. Following identification of the maximum 
concavity of the glenoid fossa, a 19-gauge needle 
was introduced into the posterior recess of the 
upper joint compartment, while the condyle was 
in maximum ventral position. Reasonably light 
injection and aspiration of irrigation fluid con­
firmed the correct intracapsular positioning of 
the needle. Subsequently, a second 19-gauge 
needle was introduced approximately 5 mm an­
teriorly and inferiorly to the first needle punc­
ture site. Outflow of irrigation fluid through the 
first needle following injection through the sec­
ond needle confirmed the correct intracapsular 
positioning of the second needle, as well as the 
observation of "intraneedle tides" during jaw 
movement. Saline was used as irrigation fluid 
that was warmed to body temperature to prevent 
reactive vasoconstriction and subsequent vaso­
dilatation of intracapsular blood vessels and to 
reduce postoperative nausea. Flow of irrigation 
fluid was realized only with hydrostatic pres­
sure. An irrigation system was adjusted to the 
second needle and the first needle was removed 
to obtain joint distention. A sharp trocar in­
serted in a cannula was introduced in the first 
needle puncture site with a rotational move­
ment, keeping in close contact with the lateral 
crest of the glenoid fossa. After puncturing the 
capsule, the sharp trocar was exchanged for a 
blunt obturator with which the cannula was 
advanced further into the joint space and then 
the obturator was removed. Backflow of irriga­
tion fluid through the cannula confirmed the 
correct intracapsular positioning of the first par-
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tal. Subsequently, the irrigation system was ad­
justed to the cannula, a 2.3 mm, o o  wide angle 
Stryker (Sunnyvale, CA, USA) arthroscope was 
inserted and a systemic arthroscopic examina­
tion was initiated of the retrodiscal tissue, gleno­
id fossa, disc, and articular eminence. To exam­
ine the anterior slope of the articular eminence, 
the ventral part(s) of the disc, and the antero­
discal tissue, the arthroscope was advanced an­
teriorly through the lateral recess, while the 
condyle was seated. A second, working portal 
was introduced in the anterior recess using the 
triangulation principle as described by 
McCain.40·4 1  As mentioned above, TMJs in which 
the anterior recess could not be negotiated had 
been excluded from this study. To examine the 
inner wall of the lateral capsule, a third 
transmeatal portal was introduced in several 
TMJs using the technique as described by Mo­
ses.42 A sharp trocar inserted in a 30° cannula 
was introduced through the anterior wall of the 
external auditory canal guided by the light of the 
arthroscope in a posterolateral position in the 
posterior recess, while the condyle was in maxi­
mum ventral position. Backflow of irrigation 
fluid through the transmeatal cannula after re­
moval of the trocar confirmed the correct 
intracapsular positioning of this portal. A 
2.3 mm, 30° Stryker (Sunnyvale, CA, USA) ar­
throscope was inserted, and by rotating the 
arthroscope the inner wall of the lateral capsule 
was examined. However, although the majority 
of the intracapsular pathologic changes suppos­
edly occur in the lateral third of the TMJ, 14.42·43 
the arthroscopic findings in the lateral as well as 
medial wall of the upper joint compartment were 
not included in this study because of the inabil­
ity to examine these completely in most TMJs. 
After the arthroscopic examination, synovial 
membrane biopsies were obtained and arthro­
scopic surgery was performed when indicated. 
Both the arthroscopic examination and surgery 
were recorded on videotape. At the end of the 
operation another 1 g cefradine was adminis­
tered intravenously. Postoperatively the patients 
received a strict physical therapy routine .44 
For each TMJ, the presence, extent, and dis­
tribution of various arthroscopic variables were 
recorded,  including retrodiscal tissue: hyper­
vascularity, hyperemia, redundancy, villi, adhe­
sions, flexure, heightened attachment to the 
posterior wall of the fossa; glenoid fossa: creep­
ing synovitis, petechiae; articular disc: disc dis­
placement, limited mobility, creeping synovitis, 
fibrillation, perforation; articular eminence: 
angiogenesis, petechiae, cartilage degeneration; 
and anterodiscal tissue: hypervascularity, hyper­
emia, redundancy, villi, adhesions, lowered at­
tachment to the anterior slope of the articular 
eminence.  These arthroscopic variables were 
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recorded immediately at the beginning of the 
arthroscopic examination to prevent or reduce 
iatrogenically caused tissue changes. The pres­
ence, extent, and distribution of all arthroscopic 
variables were examined twice for each TMJ, 
once during the arthroscopic procedure, and 
once on the recorded videotape without knowl­
edge of clinical findings. 
Definitions of various arthroscopic findings 
and classification 
RETRODISCAL TISSUE 
Vascularity was considered normal if a fme net­
work of small blood vessels was observed, and 
was awarded 0 points. Slight hypervascularity 
was defined by the presence of an increased 
number of small blood vessels, and was awarded 
1 point. Intermediate hypervascularity was de­
fined by the presence of an increased number of 
small blood vessels and several larger blood ves­
sels, and was awarded 2 points. Extensive 
hypervascularity was defined by the presence of 
an increased number of small as well as larger 
blood vessels, and was awarded 3 points. 
Hypervascularity was scored separately in the 
medial, central, and lateral third of the 
retrodiscal tissue. Overall hypervascularity was 
estimated by the enumeration of the various 
individual hypervascularity scores, ranging from 
0 points (normal vascularity in all three thirds) 
to 9 points (extensive hypervascularity in all 
three thirds) . It should be noted, however, that 
hypervascularity scores are ordinal data that 
actually can not be enumerated, while it is as­
sumed that the presence of hypervascularity in 
one of the three locations is of the same value as 
that of the other locations. Therefore, overall 
hypervascularity can only be considered an indi­
cation of hypervascularity by approximation. 
Zero points were considered as normal overall 
vascularity, whereas 1 and higher were consid­
ered hypervascularity. 1-3 points were scored as 
slight overall hypervascularity, 4-6 points as 
intermediate overall hypervascularity, and 7-9 
points as extensive overall hypervascularity. 
The term " hyperemia" was used - in analogy 
with the general tendency of TMJ arthros­
copists28·45 - to describe isolated reddish patches 
to general diffuse redness, thus the hue of the 
tissue uninfluenced by the presence or absence 
of vascular patterns. Overall hyperemia scores 
were determined by the extent of its distribution. 
Slight overall hyperemia was defined by the 
presence of hyperemia in one third of the 
retrodiscal tissue, intermediate by its presence 
in two thirds, and extensive overall hyperemia 
was defined by its presence in all three thirds of 
the retrodiscal tissue. 
Redundancy was defined by the presence of 
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surface undulations to extensive proliferations 
of the retrodiscal tissue, and graded as slight, 
intermediate, or extensive. Overall redundancy 
was calculated by the enumeration of the indi­
vidual redundancy scores of all three thirds of 
the retrodiscal tissue, similar to overall hyper­
vascularity. 
Villi were defined by the presence of club­
shaped or tubular projections. Both the pres­
ence and distribution of villi were recorded. The 
extent of the presence of villi was predominantly 
based on the overall arthroscopic impression. 
Approximately, a minor presence of villi was 
scored if only one or two villi were observed, in­
termediate included more than two but less 
than 6, and a major presence of villi was scored 
if 6 or more villi were found. 
Adhesions were divided on the basis of the 
extent of adhesion formation, varying from 
cobweb-like structures, fibrous bands, partial 
pseudowalls, to complete pseudowalls as de­
scribed by Kaminishi.46 Slight adhesion forma­
tion was defmed by the presence of cobweb-like 
structures or few small fibrous bands. Interme­
diate adhesion formation was defined by the 
presence of several fibrous bands or a partial 
pseudowall. Extensive adhesion formation was 
defined by the presence of numerous fibrous 
bands or several pseudowalls or a complete 
pseudowall. 
A flexure was defined as a U-shaped depres­
sion between the retrodiscal tissue and the pos­
terior band of the articular disc (Fig 1) .  The ab­
sence of a flexure, and stretching of the 
retrodiscal tissue to the posterior band, may 
infer a disc displacement. 47 Only the presence or 
absence of a flexure was recorded. 
A heightened attachment of the retrodiscal tis­
sue to the posterior wall of the glenoid fossa was 
defined by the expansion of synovial tissue from 
the retrodiscal tissue on the posterior wall, re­
sulting in a limited posterior recess, and graded 
as slight, intermediate, or extensive. 
GLENOID FOSSA 
The term "creeping synovitis" was used -in anal­
ogy with the general tendency of TMJ 
arthroscopists- to describe the presence of 
vascularization expanding from the synovial tis­
sue onto originally supposedly avascular struc­
tures. Overall creeping synovitis scores were 
determined by the extent of its distribution, sim­
ilar to overall hyperemia. 
Petechiae were defined as minute reddish 
spots probably containing blood. Again, overall 
petechiae scores were determined by the extent 




Disc position was considered normal if -in all 
three thirds of the joint- the posterior band was 
observed adjacent to the posterior slope of the 
articular eminence when the condyle was in 
maximum ventral position, and if the posterior 
band was observed adjacent to the glenoid fossa 
when the condyle was seated.41 Disc displace­
ment was defined by the presence of retrodiscal 
tissue in stead of the posterior band adj acent to 
these structures both when the condyle was in 
maximum ventral and in seated position. Disc 
displacement was considered partial if this was 
observed in only one or two thirds of the joint, 
and complete if observed in all three thirds of 
the joint.48 
Disc mobility was scored during ventral-dorsal 
jaw movement. Limited disc mobility was defined 
by the dyssynchronism of condylar and discal 
movement, whereby especially the latter was 
limited and the condyle appeared to translate in 
the lower joint compartment, and graded as 
slight, intermediate, or extensive. 
Creeping synovitis: see Glenoid fossa. It 
should be noted that the presence of several 
small blood vessels on the posterior band is con­
sidered normal.31 
Both the presence and distribution of fibrilla­
tion and perforation were recorded and graded as 
slight, intermediate, or extensive. 
ARTICULAR EMINENCE 
Angiogenesis was defined by the presence of 
vascularization in the originally avascular 
fibrocartilage, probably expanding from the 
subchondral bone. Overall angiogenesis scores 
were determined by the extent of its distribution, 
similar to overall hyperemia. 
Petechiae: see Glenoid fossa 
Cartilage was considered normal if a smooth­
textured surface was observed. Cartilage degen­
eration was divided on the basis of its extent, 
varying from cartilage softening, fibrillation, to 
denudation, as described by Dijkgraaf et al.49 
Slight cartilage degeneration, the early stage of 
OA, was defined by the presence of cartilage 
swelling and softening with possibly blistering or 
flaking, and was awarded 1 point. Intermediate 
cartilage degeneration, the intermediate stage of 
OA, was defined by the presence of fibrillation, 
and was awarded 2 points.  Extensive cartilage 
degeneration, the late stage of OA, was defined 
by the presence of severe cartilage fibrillation to 
the extent of subchondral bone denudation, and 
was awarded 3 points. Cartilage degeneration 
was scored separately in the medial, central, 
and lateral third of the joint. Overall cartilage 
degeneration scores were estimated by the enu-
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Figure 1. Flexure of retrodiscal tissue with several fme blood vessels. A prominent oblique protuberance (P) is present. Left 
TMJ, 4 1-year-old female. 
Figure 2. Retrodiscal tissue hypervascularity, showing an increased number of small blood vessels. Note the vessel loops 
creeping onto the avascular disc (arrows) and medial wall. The cartilage of the articular eminence (E) appears smooth. Left 
TMJ, 32-year-old male. 
Figure 3. Retrodiscal tissue villi. A network of blood vessels can be seen in the foot of one villus (arrow). Right TMJ, 29-year­
old male. 
Figure 4. Heightened attachment of the retrodiscal tissue (RT) to the posterior wall of the glenoid fossa (F) . The retrodiscal 
tissue appears slightly swollen and redundant, and shows several small blood vessels. Left TMJ, 4 1 -year-old female. 
Figure 5. Creeping synovitis as characterized by the presence of vascularization expanding from the retrodiscal tissue into 
the glenoid fossa. Left TMJ, 3 1 -year-old female. 
Figure 6. Extensive fibrillation adjacent to a perforation (P) of the articular disc. Right TMJ, 29-year-old male. 
Figure 7. Impressive angiogenesis of the articular eminence (E). RT = retrodiscal tissue. Left TMJ, 23-year-old female. 
Figure 8. Slight fibrillation (arrow) of the lateral third of the articular eminence. Note the presence of several small petechiae 
(small arrows) in the anterodiscal tissue. Left TMJ, 32-year-old male. 
Figure 9. Significantly lowered attachment of the anterodiscal tissue, to the level of the apex of the articular eminence (E), 
due to which the anterior recess is completely obliterated. Fibrillation of the posterior part of the articular eminence can be 
observed. D = disc. Right TMJ, 19-year-old female. 
meration of the various individual cartilage de­
generation scores, ranging from 0 points (normal 
cartilage in all three thirds) to 9 points (cartilage 
denudation in all three thirds) . Again, similar to 
overall vascularity, overall cartilage degeneration 
can only be considered an indication of degener­
ation by approximation. Zero points were con 
sidered as normal overall cartilage, 1 -3 points as 
slight overall cartilage degeneration, 4-6 points 
as intermediate overall cartilage degeneration, 
Osteoarthritic TMJs: arthroscopic findings 
and 7-9 points as extensive overall cartilage de­
generation. 
ANTERODISCAL TISSUE 
Anterodiscal tissue variables are scored similar 
to retrodiscal tissue variables, except for attach­
ment of the anterodiscal tissue to the anterior 
slope of the articular eminence. Due to the cur­
vature of the glenoid fossa and the articular emi­
nence, expansion of anterodiscal synovial tissue 
on the anterior slope results, unlike that of 
retrodiscal tissue, in a lowering of the 
anterodiscal tissue attachment. 
Statistical analyses 
Differences related to the presence of variables 
between the OA and control group and differ­
ences between OA subgroups were analyzed 
with chi-square tests or Fisher's exact tests in 
the case of nominal data, and with Mann-Whit­
ney U tests in the case of ordinal data. Differ­
ences related to the mean extent of variables 
were analyzed with t tests. Differences related to 
arthroscopic variables in the OA group com­
pared with the duration of clinical signs and 
symptoms, with the duration of PDD in those 
cases that were preceded by a period of clicking, 
and in both groups with the use of NSAIDs by 
the patient were analyzed with chi-square tests 
or Fisher's exact tests. To study the differences 
compared with the duration of clinical signs and 
symptoms, several cutoffs points for this dura­
tion were determined: 6 months, 1 year, and 2 
years. For each cutoff point, the differences re­
lated to the presence of arthroscopic variables in 
the period before and after this cutoff point were 
analyzed. Correlations between arthroscopic 
variables were analyzed with Cohen's Kappa and 
Spearman's rank correlation tests. The intra­
observer agreement was expressed in Cohen's 
Kappa in the case of nominal data, and with 
Spearman's rank correlation tests and Wilcoxon 
matched-pairs signed-ranks tests in the case of 
ordinal data. The level of significance was preset 
on a=0.05, whereas values for Kappa of 0.6 and 
higher and values for a correlation coefficient of 
0. 7 and higher were considered satisfactory. 
RESULTS 
Differences between the OA group and con­
trol group, and differences between OA sub­
groups (Table 3) 
In the OA group, several arthroscopic variables 
were found significantly more frequently than in 
the control group, including retrodiscal tissue: 
redundancy, adhesions, absence of a flexure, 
heightened attachment to the posterior wall of 
the glenoid fossa; glenoid fossa: petechiae; artie-
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ular disc: disc displacement, limited mobility, 
creeping synovitis; articular eminence: angio­
genesis, cartilage degeneration; and anterodiscal 
tissue: hypervascularity, hyperemia. 
RETRODISCAL TISSUE 
Hypervascularity (Fig 2) was found in 97% of the 
OA group and in 89% of the control group, but 
this difference was not significant. However, the 
mean extent of hypervascularity was more se­
vere in the OA group than in the control group. 
Furthermore, the mean extent of hypervasculari­
ty was significantly higher in the OA PDD sub­
group than in the OA wjo ADI subgroup. In the 
OA group, the hypervascularity was concur­
rently present in all three thirds in all but one 
TMJ, in which the hypervascularity was limited 
to the lateral third. Hyperemia was found in 55% 
of the OA group and in 33% of the control group. 
In the OA group, hyperemia was predominantly 
found concurrently in all three thirds of the 
joint. Redundancy was found significantly more 
frequently in the OA group than in the control 
group. Villi (Fig 3) were found in 23% of the OA 
group, broadly equally distributed over the three 
thirds,  and never in the control group, but this 
difference was not significant. Adhesions were 
found significantly more frequently in the OA 
group than in the control group. Overall ,  com­
plete pseudowalls resulting in a heightened at­
tachment of the retrodiscal tissue to the poste­
rior wall of the glenoid fossa (Fig 4) were the 
most frequently found adhesions. Adhesion for­
mation was found slightly more frequently in the 
lateral third of the joint, although often all three 
thirds were affected. An absence of a flexure and 
a heightened attachment were found significantly 
more frequently in the OA group than in the 
control group. 
GLENOID FOSSA 
Creeping synovitis (Fig 5) was found in approxi­
mately equal percentages in the OA group and 
the control group. However, the mean extent of 
creeping synovitis was significantly higher in the 
OA group. Most of this difference was due to the 
OA PDD subgroup, which also showed a signifi­
cantly higher extent of creeping synovitis com­
pared with the OA wjo ADI subgroup. Petechiae 
were found significantly more often in the OA 
group. 
ARTICULAR DISC 
Disc displacement was found significantly more 
often in the OA group than in the control group. 
In the OA wjo ADI subgroup, one TMJ had been 
misclassified in which arthroscopically complete 
disc displacement was demonstrated. Surpris­
ingly, 41% of the OA PDD subgroup also had 
been misclassified in which arthroscopically 
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Table 3. Percentage clistn"bution (count) and mean ± standard deviation of arthroscopic variables 
in the control group, OA group and OA subgroups 
ARTHROSCOPIC Control OA OA wjo ADI OA with PDD OA with DP 
VARIABLES (n=9) (n=3 1 )  (n=6) (n=22) (n=3) 
RETRODISCAL TISSUE 
Hypexvascularity 89 (8) 97 (30) 83 (5) 1 00 (22) (3) 
Mean extent 1 .2±.7 1 . 7±.7 1 .2±.8x l .8±.6x 2.0±.0 
Hyperemia 33 (3) 55 ( 17) 33 (2) 64 ( 14) ( 1 )  
Redundancy OA 6 1  ( 1 9)A 67 (4) 59 ( 13) (2) 
Villi 0 23 (7) 1 7  ( 1 )  1 8  (4) (2) 
Adhesions OA 58 ( 1 8)A 17 ( 1 )  6 8  ( 1 5) (2) 
Absence flexure QA 6 }  ( 1 9)A 50 (3) 64 ( 14) (2) 
Heightened attachment OA 58 ( 1 8)A 33 (2) 64 ( 1 4) (2) 
fossa 
GLENOID FOSSA 
Creeping synovitis 89 (8) 87 (27) 67 (4) 9 1  (20) (3) 
Mean extent 0.9±.3A 1 .4±.8A 0.8±.7x 1 .6±.7x 1 .7±.6 
Petechiae OA 36 ( l lt 17 ( 1 )  4 1  (9) ( 1 )  
ARTICULAR DISC 





13 (4) } 0 18 (4) 0 
Completely displaced 32 ( 1 0) A 16.7 ( 1) 4 1  (9) 0 
Limited mobility QA 65 (20t 17 (l)x.v 73 ( 1 6)x (3)y 
Creeping synovitis OA 84 (26)A 67 (4) 86 ( 1 9) (3) 
Fibrillation 0 23 (7) 17 ( 1 )y 14 (3)z (3)Y.Z 
Perforation 0 16 (5) ov 9 (2)z (3)Y.Z 
ARTICULAR EMINENCE 
Angiogenesis 0A 52 ( 1 6)A 17 ( 1 )  5 9  (1 3) (2) 
Petechiae 0 23 (7) 0 23 (5) (2) 
Cartilage softening 
� � A 
3 ( 1 )  
�
 
0 5 ( 1 )  0 
Cartilage fibrillation 48 ( 1 5) A 83 (5) 4 1  (9) ( 1 )  
Cartilage denudation 0 J 10 (3) J 0 9 (2) (1)  
ANTERODISCAL TISSUE 
Hypexvascularity OA 6 1  ( 1 9)A 67 (4) 59 ( 13) (2) 
Hyperemia OA 36 ( 1 lt 17 ( 1 )  4 1  (9) ( 1 )  
Redundancy 0 16 (5) 33 (2) 9 (2) ( 1 )  
Villi 0 13 (4) 17 ( 1 )  9 (2) (1)  
Adhesions 22 (2) 6 1  ( 1 9) 33 (2) 73 ( 1 6) ( 1 )  
Mean extent Q. 2±.4A 0.8± . 8A 0.3±.5 0±.8 0.7± 1 . 1  
Lowered attachment 22 (2) 55 ( 17) 33 (2) 64 ( 1 4) ( 1 )  
eminence 
Mean extent 0.2±.4A 0.7±.8A 0.3±.5 0.9±.8 0.7± 1 . 1  
A ,  p < 0.05, C v s  OA group; X ,  p < 0.05, O A  wjo ID v s  OA with POD; Y ,  p < 0.05, OA wjo ID vs OA with DP; Z ,  p < 0.05, 
OA with POD vs OA with DP. 
normal disc position was demonstrated. Partial 
disc displacement was found in 13%, and com­
plete disc displacement in 32% of the OA group. 
Limited mobility was found significantly more 
frequently in the OA group than in the control 
group. Most of these differences were due to the 
OA PDD and OA DP subgroups, which also 
showed a significant increase in limited mobility 
when compared with the OA wfo ADI subgroup. 
Creeping synovitis was found significantly more 
frequently in the OA group than in the control 
group. Creeping synovitis was predominantly 
observed on the lateral third and the posterior 
band of the articular disc. Fibrillation (Fig 6) was 
Osteoarthritic TMJs: arthroscopic findings 67 
Table 4. Count of various selected arthroscopic variables in the OA group (n=3 1) compared with 
the duration of clinical signs and symptoms 
ARTHROSCOPIC VARIABLES < 6 mnths 6-1 2  mnths 1 -2 yrs > 2 yrs Total 
DISC 
Normal position 5 4 7 1 7  
Displaced OA 1A 5 8 14 
ANTERODISCAL TISSUE 
Normal vascularity 0 0 3 9 1 2  
Hypervascularity 5 28 6B,C 6c 1 9  
Normal attachment eminence 3 1 6 4 14  
Lowered attachment eminence 2 3c l lc 1 7  
Total 5 2 9 15 3 1  
A, p < 0.05, < 6 months vs > 6 months; B ,  p < 0.05, < 1 years vs > 1 year; C, p < 0.05, < 2 years vs > 2 years 
found in 23% of the OA group and never in the 
control group. The OA DP subgroup, in which 
considerable fibrillation was seen adjacent to the 
perforations, showed a significant increase in 
both presence and mean extent of fibrillation 
when compared with the other subgroups. Perfo 
rations (Fig 6) were found in 16% of the OA 
group, including all TMJs of the OA DP sub­
group and 9% of the OA PDD subgroup. Perfora­
tions were found significantly more often in the 
OA DP subgroup than in the other subgroups, 
as was to be expected. The most predominant 
perforation locations were the lateral third of the 
posterior band, and the central third of the in­
termediate zone of the articular disc. 
ARTICULAR EMINENCE 
Angiogenesis (Fig 7) was found significantly 
more frequently in the OA group than in the 
control group. In contrast to the prevailing equal 
or lateral distribution of the previous arthro­
scopic variables, angiogenesis was predomi­
nantly present in the medial third of the articu­
lar eminence. Petechiae were found in 23% of 
the OA group and never in the control group. 
The majority of petechiae were also present in 
the medial third of the articular eminence. One 
of the most significant differences between the 
OA group and the control group was the pres­
ence of cartilage degeneration in 6 1 %  of the OA 
group, and never in the control group. Fibrilla­
tion (Fig 8) was the most predominant type of 
cartilage degeneration, whereas the lateral third 
was the most frequently affected part. 
ANTERODISCAL TISSUE 
Hypervascularity and hyperemia were found sig­
nificantly more often in the OA group than in 
the control group. However, the mean extent of 
the anterodiscal tissue hypervascularity (0.7±.6) 
was significantly lower than the mean extent of 
the retrodiscal tissue hypervascularity. In the 
OA group, hypervascularity and hyperemia were 
approximately equally distributed in all three 
thirds of the joint. Redundancy and villi were 
found in 16% and 1 3% of the OA group, respec­
tively, and never in the control group. Villi were 
found predominantly in the medial and central 
thirds of the anterodiscal tissue. Finally, al­
though adhesions and a lowered attachment (Fig 
9) were found in high percentages (6 1 %  and 
55%, respectively) , the differences with the con­
trol group were not significant, probably due to 
the presence of these variables in 22% in the 
control group. However, the mean extent of both 
of these variables was significantly higher in the 
OA group than in the control group. The most 
frequently observed adhesions were partial and 
complete pseudowalls resulting in a lowered at­
tachment of the anterodiscal tissue to the ante­
rior slope of the articular eminence. 
Differences compared with the duration of 
clinical signs and symptoms, with the dura­
tion of PDD in those cases that were pre­
ceded by a period of clicking, and with the 
use of NSAIDs (Tables 4-7) 
Several significant differences were found rela­
tive to arthroscopic variables in the OA group 
compared with the duration of clinical signs and 
symptoms (Table 4) . Disc displacement was 
found significantly more frequently in the period 
after 6 months than during the first 6 months of 
clinical signs and symptoms. Anterodiscal hy­
pervascularity was found significantly more fre­
quently during the first year than in the period 
after the first year, as well as during the first 2 
years than in the period after the first 2 years of 
clinical signs and symptoms, whereas a lowered 
attachment to the anterior slope of the articular 
eminence was found significantly more often in 
the period after 2 years than during the first 2 
years of clinical signs and symptoms. The only 
significant difference in the OA subgroups com-
68 Cha ter 8 
Table 5. Count of disc mobility in the OA with POD subgroup (n=22) compared with the duration 
of clinical signs and symptoms 
ARTHROSCOPIC VARIABLES < 6 mnths 
ARTICULAR DISC 
Normal mobility 2 
Limited mobility 0 
Total 2 
A, p < 0.05, < 1 years vs > 1 year 
pared with the duration of clinical signs and 
symptoms was the increased presence of limited 
disc mobility in the OA PDD subgroup in the 
period after 1 year compared with the flrst year 
of clinical signs and symptoms (Table 5) . No sig­
nificant differences were found compared with 
the duration of PDD in the 1 5  cases that had 
been preceded by a period of clicking. However, 
eminence petechiae were found significantly 
more often in the OA PDD of sudden onset sub­
group in comparison with the OA PDD preceded 
by clicking subgroup (Table 6) .  Furthermore, 
disc displacement was found significantly more 
frequently, and disc perforation and anterodiscal 
tissue redundancy were found significantly less 
frequently in the OA PDD preceded by clicking 
subgroup in comparison with the other OA TMJs 
(Table 7) . No significant differences were found 
relative to arthroscopic variables compared with 
the use of NSAIDs by the patient, probably due 
to the small number of patients who had used 
NSAIDs. 
Correlations between arthroscopic variables 
Many satisfactory correlations were found in the 
presence of arthroscopic variables, the most im­
portant being the following. Retrodiscal tissue 
hypervascularity was found to correlate with 
creeping synovitis in the glenoid fossa and on 
the articular disc. Retrodiscal tissue adhesion 
formation correlated with anterodiscal tissue 
adhesion formation,  while both were found sig­
nificantly more frequently concurrently with a 
heightening and lowering of the synovial tissue 
attachment, respectively. A heightened attach­
ment of the retrodiscal tissue correlated with an 
absence of the flexure, as well as with limited 
discal mobility, which in its turn correlated with 
disc displacement. Angiogenesis of the articular 
eminence correlated with the presence of emi­
nence petechiae. Surprisingly, cartilage degener­
ation of the articular eminence correlated with 
only one arthroscopic variable, which was 
retrodiscal tissue hyperemia. The latter was also 
found significantly more frequently in combina­
tion with anterodiscal tissue hyperemia. 
6- 12  mnths 1 -2 yrs > 2 yrs Total 
1 1 2 6 
1A 6A 9 1 6  
2 7 1 1  22 
Intra-observer agreement 
The intra-observer agreement was satisfactory 
for all variables, ranging from 0 .74 (articular 
eminence cartilage degeneration) to 1 .0 (articu­
lar eminence angiogenesis) . 
DISCUSSION 
In the OA group, several arthroscopic variables 
were found significantly more frequently than in 
the control group, including retrodiscal tissue: 
redundancy, adhesions, absence of a flexure, 
heightened attachment to the posterior wall of 
the glenoid fossa; glenoid fossa: petechiae; artic­
ular disc: disc displacement, limited mobility, 
creeping synovitis; articular eminence: angiogen­
esis, cartilage degeneration; and anterodiscal 
tissue: hypervascularity, hyperemia. Moreover, 
in the OA group disc displacement was found 
significantly more frequently in the period after 
6 months than during the first 6 months of clini­
cal signs and symptoms. Anterodiscal 
hypervascularity was found significantly more 
frequently during the first year than in the pe­
riod after the first year, as well as during the 
first 2 years than in the period after the first 2 
years of clinical signs and symptoms, whereas a 
lowered attachment to the anterior slope of the 
articular eminence was found significantly more 
often in the period after 2 years than during the 
first 2 years of clinical signs and symptoms. 
Several other arthroscopic variables also 
showed a gradual, although not significant in­
crease over time, including: retrodiscal tissue 
adhesions, absence of a flexure, heightened at­
tachment to the posterior slope of the glenoid 
fossa; articular disc perforation; and articular 
eminence angiogenesis and petechiae. The insig­
nificance of the increases over time of these vari­
ables may be explained by the following factors. 
First, it may be due to the relatively limited 
number of TMJs demonstrating these variables. 
Second, it is likely that the largest increases 
have already occurred prior to the arthroscopic 
procedure, probably starting at or even before 
Osteoarthritic TMJs: arthroscopic findings 
Table 6. Count of eminence petechiae in the 
OA with PDD subgroup that had been preceded 
by a period of clicking (n=lS), in comparison 
with those of a sudden onset (n=7) 
ARTHROSCOPIC OA with PDD OA with PDD Total 








A, p < O.OS 
clicking onset 
14 3 
l A 4A 




the time of the onset of clinical signs and symp­
toms. Third, the progress and severity of the 
osteoarthritic process may show significant 
interindividual differences, and periodical exac­
erbations and regressions may render simulta­
neous arthroscopic findings in different TMJs 
with similar duration of clinical signs and symp­
toms a chance finding. Nevertheless, based on 
the arthroscopic findings in this study, we have 
formulated a theory on the pathogenic involve­
ment of the arthroscopically observable compo­
nents in the osteoarthritic process in the TMJ. 
The findings in this study suggest that OA in 
the early stage, characterized by articular carti­
lage softening and swelling, may initially cause 
hypervascularity of the retro- and to a lesser 
extent anterodiscal tissue and creeping synovitis 
in the glenoid fossa and on the articular disc. 
The hypervascularity may be brought on by the 
increased metabolic demands of the synovial 
intima cells, which are probably activated by an 
increased amount of cartilage degradation prod­
ucts in the synovial fluid and which are engaged 
in an increased production of several factors. 19 
These factors may include cytokines that will 
further the osteoarthritic process. If this process 
progresses into the intermediate stage, the artic­
ular cartilage is characterized by focal or more 
extensive fibrillation. Due to the subsequently 
reduced surface smoothness the articular disc 
may become displaced, following which the 
retrodiscal tissue flexure disappears. Vasculari­
ty may remain increased. The synovial mem­
brane of especially the retrodiscal tissue may 
proliferate and show tissue redundancy. Adhe­
sions may develop and the attachment of the 
retro- and anterodiscal tissue may heighten and 
lower, respectively, ultimately resulting in a lim­
ited posterior and anterior recess. If the 
osteoarthritic process progresses into the late 
stage, the articular cartilage is characterized by 
extensive fibrillation and possibly denudation. 
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Table 7. Count of disc position, disc per-
foration, and anterodiscal tissue redundancy in 
the OA with PDD subgroup that had been 
preceded by a period of clicking (n=lS), in 
comparison with other OA TMJs 
ARTHROSCOPIC OA with PDD other OA Total 
VARIABLES preceded by 
clicking 
ARTICULAR DISC 
Normal disc s 12 17 
position 
Displaced l OA 4A 14 
No disc perforation l S  1 1  26 
Disc perforation QA SA s 
ANTERODISCAL 
TISSUE 
No anterodiscal l S  1 1  26 
tissue redundancy 
Anterodiscal tissue OA SA s 
redundancy 
Total l S  16  31  
A ,  p < O.OS 
The articular disc may be displaced, and discal 
mobility is limited. Disc perforation can be 
found. Vascularity and tissue redundancy may 
be decreased, although adhesions and a height­
ened attachment will remain. Overall, the 
retrodiscal tissue showed a higher presence and 
extent of the various arthroscopic findings than 
the anterodiscal tissue, which is in accordance 
with the findings of Holmlund and Hellsing.23 In 
conclusion, TMJ OA is characterized arthroscop­
ically by an early proliferative phase, with prolif­
eration of vascular patterns and tissue redun­
dancy, and a late adhesive, fibrotic phase, with 
adhesion formation, reduced recesses, and lim­
ited discal mobility. In order to evaluate the true 
sequence of pathologic events, a longitudinal 
study would be more appropriate. Aside from 
the practical difficulties, this is not realistic be­
cause the act of arthroscopy and arthroscopic 
surgery will interfere with and further influence 
the natural course of the osteoarthritic pro­
cess.39 However, in the arthroscopic staging of 
internal derangement by Bronstein and Merri1150 
a similar progression of the various arthroscopic 
variables is proposed, although in their classifi­
cation OA is preceded and presumably caused 
by disc displacement. 
Differences in the presence or extent of ar­
throscopic variables between the OA subgroups 
may be explained not only by the presence of 
concomitant or subsequent stages of articular 
disc involvement, but also by differences in du­
ration of clinical signs and symptoms (OA w I o 
ADI > OA with PDD > OA with DP) , and will be 
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discussed in the following paragraph on individ­
ual arthroscopic variables. 
Retrodiscal tissue hypervascularity was the 
most prominent and characteristic fmding of 
osteoarthritic TMJs, even though the difference 
with the control group was not significant. How­
ever, this insignificance was rather caused by 
the high percentage of hypervascularity in the 
for obvious reasons affected control group, than 
by a low percentage in the OA group. The mean 
extent of hypervascularity was significantly 
higher in the OA PDD subgroup compared with 
the OA wjo ADI subgroup. Because the mean 
duration of clinical signs and symptoms was 
considerably shorter in the OA PDD subgroup 
than in the OA wfo ADI subgroup, this may im­
ply a relation with the duration of clinical signs 
and symptoms. 
Retrodiscal tissue hyperemia was the only ar­
throscopic variable that correlated with, and 
probably is consequential to, cartilage degenera­
tion. "Hyperemia" is a term frequently used by 
arthroscopists to describe an increased redness 
of the retro- and anterodiscal tissues, as in this 
study. By definition, however, hyperemia refers 
to vasodilatation, such as is often seen in the 
first phases of acute inflammation. Following 
trauma there is a brief initial period of vaso­
constriction, but this is soon followed by a pro­
longed period of vasodilatation due to relaxation 
of the smooth muscle layer of arterioles, result­
ing in congestion of the microvasculature with 
blood. Subsequently, relaxation of the 
precapillary sphincters results in opening of 
capillaries which had been temporarily shut 
down. Therefore, the affected tissue appears to 
contain an increased number of blood vessels 
with an increased diameter, and shows hyper­
emia, ie, it contains an increased amount of 
blood and macroscopically appears red. Arthro­
scopically, however, only surface phenomena 
can be observed, and arthroscopic hyperemia 
should be defined by the prominence of the vas­
cular patterns. The red tinge of the tissue might 
be explained by the presence of numerous small 
blood vessels in the deeper layers, by ecchy­
mosis or extravasation of erythrocytes due to 
destruction of the blood vessel walls (which is 
clearly different from the emigration of leuko­
cytes from blood vessels in inflammation), or by 
a limited resolution of the arthroscope. In con­
clusion, hyperemia is an illustrative term to de­
scribe the overall hue of tissue, but by definition 
is then not correctly used. 
Retrodiscal tissue adhesions correlated with a 
heightened attachment to the posterior wall of 
the glenoid fossa. The mean extent of adhesion 
formation was significantly higher in the OA 
PDD subgroup compared with the OA wfo ADI 
subgroup, which may imply a mechanical factor 
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resulting from disc displacement involved in the 
elevation of the retrodiscal tissue flexure, stretch­
ing of the retrodiscal tissue, and subsequent 
heightening of attachment. However, because a 
flexure was absent in several TMJs in the OA 
wjo ADI subgroup, factors other than disc dis­
placement also play a role in this process, such 
as cicatrization of the affected fibrous synovial 
membrane and an increase in the presence of 
adhesion proteins. The retrodiscal tissue adhe­
sion formation, and heightening of attachment 
diagnosed with arthroscopy in this study, is 
probably similar to the hyperplastic soft tissue 
formation in the posterior part of the glenoid 
fossa found with double-contrast arthrotomog­
raphy by Isberg et al.51 
Creeping synovitis in the glenoid fossa corre­
lated with retrodiscal tissue hypervascularity 
and creeping synovitis on the articular disc. This 
may be considered an initial vascular response 
to an initial insult. It is not pathognomonic for 
OA, because glenoid fossa creeping synovitis 
and retrodiscal hypervascularity were found in 
approximately equal percentages in the control 
group and the OA group. Possibly, the presence 
of creeping synovitis in the glenoid fossa pre­
cedes the formation of adhesions and heighten­
ing of retrodiscal tissue attachment, which 
usher in a subsequent fibrotic phase. "Creeping 
synovitis" is a term frequently used to describe 
the presence of vascularization expanding from 
the retrodiscal tissue onto originally supposedly 
avascular structures such as the glenoid fossa 
and the articular disc. The presence of vascu­
larization on the articular eminence can not re­
sult from expansion from the retrodiscal tissue, 
and therefore should be termed angiogenesis, ie, 
neovascularization. However, the term creeping 
synovitis suggests the presence of a synovial 
lining and the presence of inflammation, both of 
which have not yet been demonstrated. There­
fore, when using this term it should be realized 
that it refers to the vascular rather than the cel­
lular component of inflammation. 
Glenoid fossa petechiae were found signifi­
cantly more frequently in the OA group than in 
the control group. These petechiae were proba­
bly caused by traumatization and subsequent 
ecchymosis of blood vessels that showed creep­
ing synovitis in the glenoid fossa. 
Articular disc displacement was only, and sig­
nificantly more often, found in the OA group 
than in the control group. The relationship be­
tween OA and disc displacement has frequently 
been discussed in the literature, but no consen­
sus has been reached yet as to which one pre­
cedes the other. In this study, disc displacement 
was found significantly more frequently in the 
period after 6 months than during the first 6 
months of clinical signs and symptoms, and 
Osteoarthritic TMJs: arthroscopic findings 
therefore after the onset of OA. This may indi­
cate that OA may cause disc displacement. In 
the OA wfo ADI subgroup, one TMJ that clin­
ically had not demonstrated any signs of ADI 
had been misclassified because arthroscopically 
complete disc displacement was found. This disc 
displacement should probably be considered an 
anatomic variant of a normal TMJ, and supports 
the currently increasing awareness that disc 
displacement may be present in asymptomatic 
(of disc displacement) individuals.52"54 More 
striking was the misclassification of 41% of the 
OA PDD subgroup in which arthroscopically 
normal disc position was found. This appears to 
support the conclusion of Paesani et al55 that 
clinical examination alone is not reliable for de­
termining the status of the joint in patients with 
signs and symptoms of disc displacement. How­
ever, in our study disc displacement was found 
significantly more frequently in the OA PDD pre­
ceded by clicking subgroup in comparison with 
the other OA TMJs (Table 7) . Therefore, in TMJs 
with a sudden restriction of joint mobility pre­
ceded by a period of clicking a permanent disc 
displacement will usually be present, whereas in 
TMJs with a sudden restriction of joint mobility 
not preceded by a period of clicking both a nor­
mal disc position or a permanent disc displace­
ment may be present. It appears more prudent 
to use the term "closed lock" rather than disc 
displacement to diagnose sudden restricted joint 
mobility based on clinical examination alone. To 
reach a conclusive diagnosis regarding disc po­
sition, additional imaging techniques should be 
used such as MRI or arthroscopy. However, to 
use these techniques with the sole purpose of 
determining the disc position is futile and 
should be discouraged, considering the fact that 
disc displacement is probably an expression of 
the same disease process that results in carti­
lage degeneration, and because the presence or 
absence of disc displacement should have no 
future impact on treatment rationale. Finally, it 
should be noted that theoretically the high per­
centage of normal disc position found in the OA 
PDD subgroup might be caused by misinterpre­
tation during arthroscopy due to hyalinization of 
the retrodiscal tissue and subsequent pseudo­
disc formation. Moreover, due to the misclas­
sification of TMJs in the OA PDD subgroup, dif­
ferences between OA subgroups are based on 
the clinical classification rather than the actual 
disc position. 
Limited articular disc mobility was found signif­
icantly more frequently in the OA group com­
pared with the control group. Limited mobility 
correlated with disc displacement, which ex­
plains the significant differences between the OA 
PDD subgroup and the OA wfo ADI subgroup. 
Moreover, disc mobility decreased with an in-
7 1  
creased duration of clinical signs and symp­
toms. However, it should be noted that articular 
disc mobility does not equal mandibular condyle 
mobility. In several joints in which the disc mo­
bility was severely limited, the mandibular con­
dyle appeared to translate in the lower joint 
compartment. The limited mobility may be con­
sidered an additional expression of the late 
fibrotic phase. 
Articular eminence cartilage degeneration was 
one of the most significant differences between 
the OA group and the control group. Surpris­
ingly, there was only one arthroscopic variable 
that correlated with cartilage degeneration, be­
ing retrodiscal tissue hyperemia. Initially, we 
expected the presence and extent of cartilage 
degeneration to have a profound impact on the 
presence and extent of many other arthroscopic 
variables, because OA presumably starts in the 
articular cartilage. However, the absence of 
other correlations may be explained by the fact 
that arthroscopically diagnosed cartilage degen­
eration does not yet necessarily indicate an ac­
tive osteoarthritic disease process. In addition to 
periodical exacerbations and regressions, the 
early osteoarthritic process may be very active in 
cartilage that arthroscopically shows only minor 
softening, whereas the late osteoarthritic pro­
cess may be burnt out in cartilage that arthro­
scopically shows extensive fibrillation and denu­
dation. Therefore, it may be better to correlate 
the presence of articular breakdown products or 
other indications of an active disease process in 
the synovial fluid with eg, synovial membrane 
arthroscopic characteristics in order to evaluate 
the impact of the osteoarthritic process on the 
various joint tissues. 
Arthroscopic variables in the anterodiscal tis­
sue, overall, were found in lesser percentages 
and in lesser mean extent than in the retrodiscal 
tissue. Anterodiscal tissue hypervascularity and a 
lowered attachment to the anterior slope of the 
articular eminence, however, showed a signifi­
cant increase with the duration of the clinical 
signs and symptoms, suggesting not only a less­
er but also later occurrence than retrodiscal tis­
sue variables. The mean extent of lowering of 
attachment was more in the OA PDD subgroup 
than in the OA wfo ADI subgroup. This is in 
accordance with the arthrotomographic findings 
of Johansson and Isberg,56 who reported the 
distance from the apex of the articular eminence 
to the anterosuperior capsular insertion to be 
shorter in TMJs with PDD than in joints with a 
normal disc position. 
Finally, considering the distribution of arthro­
scopic variables, the majority of variables was 
found rather equally in the medial, central, and 
lateral third of the TMJ, with a slight preference 
for the lateral third. 
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CHAPTER 9 
SYNOVIAL MEMBRANE INVOLVEMENT IN OSTEOARTHRITIC 
TEMPOROMANDIBULAR JOINTS 
- A light microscopic study -
Leonore C. Dijkgraaf, 1 Robert S.B. Liem,2 Lambert G.M. de Bontl 
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1TMJ Research Group, Department of Oral and Maxillofacial Surgery, University Hospital Groningen, The Netherlands 
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SUMMARY 
Objective. To study the light microscopic (LM) characteristics of the synovial membrane of 
osteoarthritic temporomandibular joints (TMJs) to evaluate synovial membrane involvement in the 
osteoarthritic process. 
Study design. Synovial membrane biopsies were obtained during unilateral arthroscopy in 40 
patients. Thirty-one TMJs were diagnosed with osteoarthritis (OA) . OA subgroups were defmed on the 
basis of the presence of symptoms related to disc displacement and perforation. The control group 
consisted of nine TMJs that were not involved by OA. During LM examination of the synovial 
membranes, several LM variables were recorded. Differences between groups and between subgroup s  
were tested with chi-square tests or Fisher's exact tests, with Mann-Whitney U tests, an d  with 
Student t tests. Differences related to LM variables compared with the duration of clinical signs and 
symptoms were analyzed with chi-square tests or Fisher's exact tests. 
Results. In the OA group, the number of synovial intima cell layers was significantly higher, and 
fibrous intima matrix and fibrous subintima were found significantly more frequently than in the 
control group. Moreover, in the OA group, intima cell hypertrophy in combination with a closely 
packed cell composition was found significantly more often in the first year than in the period after 
this first year of clinical signs and symptoms, whereas intima hyperplasia, fibrous intima matrix, 
dense surface material and subintima elastic fibers were found significantly more frequently in the 
first 2 years than in the period after the first 2 years of clinical signs and symptoms. 
Conclusions. The fmdings in this study suggest that OA of the TMJ may initially result in synovial 
intima hyperplasia and cell hypertrophy, and subsequently in deposition of fibrous material in the 
intima matrix. Eventually, fibrosis of the subintimal tissue may occur in combination with 
degeneration and subsequent normalization of the synovial intima cell layer. Overall, fibrosis was the 
most characteristic feature of synovial membranes of osteoarthritic TMJs. In conclusion, the 
involvement of the synovial membrane in OA of the TMJ is characterized by an early proliferative 
phase and a late fibrous phase. It appears that the intense and prolonged fibrous phase may not be a 
normal appropriate response to an initial insult but rather an aberrant counterproductive response. 
Oral Surg Oral Med Oral Pathol Oral Radio! Endod 83: 373-386, 1997 
INTRODUCTION 
The majority of temporomandibular joint (TMJ) 
disorders are characterized by a triad of symp­
toms, including limited mandibular movement, 
joint sounds, and pain. In the 1970s, articular 
disc displacement was considered a predomi­
nant and maj or underlying cause of these symp­
toms. However, this view was discredited by 
histologic, 1 '5 arthrographic6 and magnetic reso­
nance imaging studies7 that showed that disc 
displacement is a rather frequently occurring 
phenomenon in asymptomatic persons in the 
general population. Consequently the onset of 
disc displacement per se will not necessarily 
result in TMJ symptoms. Recent histopatholog­
ic8 and biochemical9•10 studies have given credi­
bility to the view that the TMJ is a synovial joint 
like all other joints in the body and therefore will 
be affected by conditions common to these other 
joints. u Currently, attention is focused on the 
molecular mechanisms of the most prevalent 
degenerative TMJ disorder,9 which is osteoar­
thritis (OA) , that in contrast to its counterpart in 
hip and knee joints predominantly affects TMJs 
in young females. Moreover, the presence of OA 
rather than disc displacement as the major un­
derlying cause of TMJ symptoms may explain 
the success of arthroscopic treatment of affected 
joints in these patients,  during which disc repo­
sitioning or release is not achieved or strived for. 
This success is probably due to the lavage of the 
increased amounts of degradation products and 
related pain and inflammatory mediators in OA 
in the synovial fluid. 12• 13 In this view, disc 
displacement, if present, is probably a concomi­
tant phenomenon with an initial disturbance of 
molecular and cellular processes in cartilagi-
76 
nous tissues in OA. The concomitant manifesta­
tion of both OA and disc displacement probably 
comprises a substantial portion of all TMJ disor­
ders, although both conditions may become clin­
ically manifest separately and may be mutually 
independent. 1 1  
OA presumably results from an imbalance 
between predominantly chondrocyte-controlled 
degradative and reparative processes, resulting 
in progressive degradation of the extracellular 
matrix of cartilage with secondary inflammatory 
components. 14 The initial osteoarthritic changes 
probably occur in the cartilage. The synovial 
membrane, comprising an intimal lining cell 
layer and a subintimal supportive tissue, plays 
an important role in maintaining normal joint 
physiology as well as in the osteoarthritic pro­
cess. 15 In normal joints, the synovial membrane 
fulfills several important functions, including 
the production of synovial fluid components, the 
provision and preservation of a nonadherent 
low-friction surface, as well as the provision of 
nutrients for the articular cartilage chondrocytes 
and elimination of their waste products. There­
fore, in osteoarthritic joints with their increased 
cartilage degradation and consequently in­
creased amounts of degradation products in the 
synovial fluid, the synovial membrane will also 
be affected and will probably participate, if not 
in the initiation, in the perpetuation of OA. The 
aim of this study was to study the light micro­
scopic characteristics of the synovial membrane 
in osteoarthritic TMJs in order to evaluate 
synovial membrane involvement in the osteo­
arthritic process. 
MATERIALS AND METHODS 
Patient selection and diagnostic evaluation 
Forty patients (33 females, 7 males; mean age, 
29.4±9.2 years) who had remained refractory to 
nonsurgical TMJ treatment received unilateral 
arthroscopy of their upper joint compartments, 
including both osteoarthritic and nonosteo­
arthritic TMJs. Thirty-one TMJs (25 females, 6 
males; mean age, 30. 1±9. 1 years) constituted 
the osteoarthritic TMJ group ,  hereafter referred 
to as the OA group, that had been diagnosed 
with OA according to predefined inclusion crite­
ria (Chapter 8, Table 1 ) .  These criteria were 
based on clinical classification criteria of OA of 
other synovial joints, developed by the American 
College of Rheumatology, 16 and universally used 
to characterize OA. 17• 18 Subgroups of TMJ OA 
were defined on the basis of the presence or ab­
sence of symptoms related to displacement and 
perforation of the articular disc. These sub­
groups consisted of OA without articular disc 
involvement (ADI)(n=6), OA with reducing disc 
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displacement (RDD)(n=O), OA with permanent 
disc displacement (PDD)(n=22) with or without a 
preceding period of clicking, and OA with disc 
perforation (DP)(n=3) (Table 1 ) .  In five TMJs, ad­
ditional magnetic resonance imaging was per­
formed to reach a conclusive diagnosis. 
Nine TMJs (8 females, 1 male; mean age, 
2 7.2±9.7 years) constituted the nonosteoarthrit­
ic TMJ group, hereafter referred to as the control 
group, that had been diagnosed with painful 
hypermobility (n=6) , traumatic arthritis (n=2), or 
painful overloading (n= 1 ) .  The sex-ratio and 
mean age did not differ significantly between the 
OA and control group (Table 1 ) .  Exclusion crite­
ria for both groups had included the presence of 
TMJ growth disorders, other arthritides such as 
rheumatoid arthritis and crystal deposition dis­
eases, the presence of systemic connective tis­
sue disorders, as well as the presence of non­
articular disorders in the oral and maxillofacial 
area. Additional exclusion criteria were previous 
TMJ surgery, intracapsular injections of corti­
costeroids, and -during the arthroscopic exam­
ination- the inability to examine both the poste­
rior and the anterior recess of the upper joint 
compartment, as well as -in the light microscop­
ic sections of obtained synovial membrane 
biopsies- the absence of an intact transversely 
sectioned synovial intima. 
For each TMJ, the duration of clinical signs 
and symptoms was recorded, as well as the du­
ration of PDD in those cases that were preceded 
by a period of clicking and the use of non­
steroidal anti-inflammatory drugs (NSAIDs) by 
the patient (Table 1 ) .  
Arthroscopy and light microscopic examina­
tion 
Arthroscopy was performed with the patients 
under general anesthesia via nasoendotracheal 
intubation and optimal neuromuscular relax­
ation. Entry to the superior joint compartment 
of the TMJ was gained by the double puncture 
technique. Frequently, an additional (third) 
transmeatal portal was used. Saline solution 
was used for irrigation. After initial arthroscopic 
examination with a 2.3 mm, oo wide angle 
Stryker (Sunnyvale, CA, USA) arthroscope, syno­
vial membrane biopsies were obtained via trian­
gulation principles. First, a circular biopsy ( 1  
mm in diameter) was cut with a specially de­
signed punching instrument. Second, the cut 
biopsy was separated from the underlying tis­
sues with a biopsy forceps. Biopsies were taken 
of the synovial membrane of the retrodiscal and 
frequently also anterodiscal tissue, showing the 
most ·characteristic pathologic features of the 
TMJ synovial membrane, including hypervascu­
larity, hyperemia and tissue redundancy. These 
biopsies were transferred immediately into a 
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Table 1.  Frequency (count) and mean ± standard deviation of clinical variables in the control group, 
OA group and OA subgroups 
CLINICAL VARIABLES Control OA OA wfo ADI OA with PDD OA with DP 
(n=9) (n=3 1) (n=6) (n=22) (n=3) 
Female 89 (8)A 8 1  (25)A 83 (5) 82 ( 1 8) (2) 
Male 1 1  (1 )  19 (6) 1 7  ( 1 )  18  (4) ( 1 )  
Mean age in yrs 27.2±9.76 30. 1±9. 16 27.0±6.8 30.4±10. 1 33.7±4. 1 
Duration S&S < 1 yr 33 (3) 23 (7) 17 (1 )  18 (4) (2) 
Duration S&S 1 -2 yrs 1 1  ( 1 )  26  (8) 0 32 (7) ( 1 )  
Duration S&S > 2 yrs 56 (5) 52 ( 16) 83 (5) 50 ( 1 1 )  0 
Mean duration S&S in months 28. 1±22.2 35.3±30.0 58.8±47.7 32.5±2 1 .6 8.7±8 . 1  
Duration PDD* < 1 yr 36 ( 1 1 )  50  ( 1 1) 
Duration PDD* 1-2 yrs 5 (2) 9 (2) 
Duration PDD* > 2 yrs 5 (2) 9 (2) 
Mean duration PDD* in months 10.3±9.5 (n= l 5) 10.3±9.5 (n=1 5) 
NSAIDs 22 (2) 10 (3) 33 (2) 5 (1 )  0 
S&S, signs & symptoms; PDD*, PDD that was preceded by a period of clicking; A, p > 0.05, C vs OA group, "sex-matched"; 
B, p > 0.05, C vs OA group, "age-matched" 
fixative containing 2% paraformaldehyde and 
0.5% glutaraldehyde in a 0 . 1  M phosphate buff­
er (pH 7.4) .  Mter a fixation period of several 
weeks, the specimens were postfixed in a 1% 
osmium tetroxide solution, and dehydrated in a 
graded series of ethanol and propylene oxide. 
Subsequently, the specimens were embedded in 
Polybed 8 1 2  (PolyScience Inc. ,  Warrington, PA, 
USA), and 1 J..lm thick semithin sections were cut 
with a glass knife on a Reichert OMU4 ultratome 
(Reichert Scientific Instruments, Wien, Austria) 
and stained with toluidine blue. If more than 
one biopsy had been obtained from the same 
location in a TMJ, these additional specimens 
were embedded in paraffin, and 7 J..lm thick sec­
tions were cut on a rotation microtome and 
stained with hematoxylin-eosin or toluidine 
blue. All sections were examined by light mi­
croscopy (LM) . 
For each TMJ, the following LM variables were 
recorded; synovial intima: surface projections, 
intima hyperplasia and number of intima cell 
layers, intima cell shape and composition (den­
sity) , fibrous intima matrix, dense material on 
the intima surface,  intima giant cells; subintimal 
tissue: the type of synovial membrane (deter­
mined by the type of subintimal tissue) , activity 
of subintimal fibroblasts, hypervascularity, 
perivascular fibrosis, inflammatory infiltrate, 
extravasation of erythrocytes, giant collagen fi­
bers, elastic fibers (not associated with vessel 
walls) , giant cells, mast cells, incorporated bone 
particles, adipocytes (Tables 2-4). The aforemen­
tioned LM variables had to be present in at least 
half of the LM synovial membrane sections of 
each TMJ before these variables were scored as 
present. The presence of all LM variables was 
examined twice for each TMJ with an interven­
ing period of 2 months by two observers without 
knowledge of clinical findings. 
Statistical analyses 
Differences related to LM variables between the 
OA group and control group and differences be­
tween OA subgroups were analyzed with chi­
square tests or Fisher's exact tests in the case of 
nominal data, with Mann-Whitney U tests in the 
case of ordinal data, and with Student t tests in 
the case of numeric data. Differences related to 
the mean extent of variables were analyzed with 
t tests. Differences related to LM variables in the 
OA group compared with the duration of clinical 
signs and symptoms, with the duration of PDD 
in those cases that were preceded by a period of 
clicking, and in both groups with the use of 
NSAIDs by the patient were analyzed with chi­
square tests or Fisher's exact tests. To study the 
differences compared with the duration of clini­
cal signs and symptoms, several cutoffs points 
for this duration were determined: 6 months, 
1 year, and 2 years. For each cutoff point, the 
differences related to the presence of arthroscop­
ic variables in the period before and after this 
cutoff point were analyzed. The intra-observer 
agreement was expressed in Cohen's Kappa in 
the case of nominal data, with Spearman's rank 
correlation tests and Wilcoxon matched-pairs 
signed-ranks tests in the case of ordinal data, 
and with Pearson's correlation tests and paired t 
tests in the case of numeric data. The level of 
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Fibrous intima matrix 
Dense material on surface 
SUBINTIMA 
Type of synovial membrane 




Defined by the presence of more or less pronounced surface undulations. Slight surface 
projections were defined by the presence of an undulated intima surface, whereas 
extensive surface projections were defined by the presence of folds, or club-shaped or 
tubular projections. 
Defined by the presence of more than four intima cell layers. 
Scored as normal, irregular, hypertrophic, or degenerated. 
Based on the spatial interrelationship (density) of synovial intima cells, and scored as 
either loosely arranged, intermediately, or closely packed. Closely packed was defined by 
touching of synovial intima cells with each other, loosely arranged by the presence of a 
considerable amount of intervening intima matrix, whereas intermediately arranged was 
defined as an intermediate form. 
Defmed by the presence of a distinct amount of relatively dense fibrous or filamentous 
material in the intima matrix. 
Defmed as the presence of relatively dense fibrous or fll.amentous material covering a 
considerable area of intima surface. 
Based on the composition of the collagen fibers in the subintimal tissue. Areolar synovial 
membrane was defined by the presence of loose collagen-containing subintimal tissue, 
fibrous synovial membrane by the presence of dense collagenous subintimal tissue, 
whereas fibro-areolar synovial membrane was defined as an intermediate form. 
Defmed by the presence of both numerous and active fibroblasts as indicated by large 
amounts of cytoplasm and cell organelles. 
Defined as an increased number of blood vessels in relation to the type of synovial 
membrane, fibrous synovial membrane being the least vascularized and areolar synovial 
membrane the highest vascularized. Slight hypervascularity was defmed by the presence 
of an increased number of small blood vessels, extensive hypervascularity by the presence 
of an extensive subintima vascular plexus, whereas intermediate hypervascularity was 
defmed as an intermediate form. 
Defmed by the presence of a distinct amount of fibrous tissue enveloping several blood 
vessels. 
significance was preset on a=0.05, whereas val­
ues for Kappa of 0.6 and higher and values for a 
correlation coefficient of 0. 7 and higher were 
considered satisfactory. 
the small number of joints, especially in the OA 
DP subgroup. 
Surface projections (Fig 1) were found in 58% 
of the OA group and in 89% of the control group, 
but this difference was not significant. However, 
extensive surface projections were found signifi­
cantly more frequently in the OA w I o ADI sub­
group than in the OA PDD subgroup. No signifi­
cant difference in the presence of intima hyper­
plasia was found, but the number of intima cell 
layers was significantly higher in the OA group 
than in the control group (Figs 2 ,  3). Most of this 
difference was due to the OA DP subgroup, 
which also showed a significant increase in the 
number of intima cell layers when compared 
with the OA PDD subgroup. Mfected intima cell 
shape (Figs 2-4) was found in 39% of the OA 
group and in 1 1% of the control group. All of the 
abnormal cell shapes in the OA group were 
found in the OA PDD and OA DP subgroups. 
Hypertrophic intima cells were always found in 
combination with a closely packed cell composi­
tion. No significant differences in intima cell com­
position were found between groups or sub-
RESULTS 
Differences between the OA group and con­
trol group, and differences between OA sub­
groups (Tables 3, 4) 
In the OA group, the number of intima cell lay­
ers was significantly higher, and fibrous intima 
matrix and fibrous subintima were found signifi­
cantly more frequently than in the control 
group. Remarkable differences related to other 
LM variables were also noted but, probably be­
cause of the limited size of the control group, 
these could not be shown to be statistically sig­
nificant. For example, a LM variable had to be 
present in at least 1 0  TMJs in the OA group and 
in none of the control group for the difference to 
be statistically significant. Furthermore, com­
parison of OA subgroups was limited because of 
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Table 3. Frequency (count) and mean ± standard deviation of intima LM variables in the control 
group, OA group and OA subgroups 
LM VARIABLES Control OA OA wfo ADI OA with POD OA with DP 
(n•9) (n•3 1 )  (n=6) (n�22) (n=3) 
INTIMA 
Slight surlace projections 67 (6) 32 ( 10) 17 ( 1 )  4 1  (9) 0 
Extensive surlace projections 22 (2) 26 (8) 67 (4)x 1 8  (4)x 0 
Hyperplasia 0 19 (6) 33 (2) 9 (2) (2) 
Mean number of cell layers 1 .6±.5A 2.8± 1 . 5A 3.0± 1 . 7  2.5±1 .2z 4. 3±2. l z 
Irregular cells 1 1  ( 1 )  23 (7) 0 32 (7) 0 
Hypertrophic cells 0 13 (4) 0 9 (2) (2) 
Degenerated cells 0 3 ( 1 )  0 5 (1 )  0 
Loosely arranged cells 44 (4) 36 ( 1 1)  67 (4) 27 (6) (1) 
Intermediately arranged cells 56 (5) 52 ( 16) 33 (2) 64 ( 14) 0 
Closely packed cells 0 13 (4) 0 9 (2) (2) 
Fibrous intima matrix OA 42 ( 13)A ox.Y 46 ( l O)x (3)y 
Dense material on surlace 0 23 (7) 17 ( 1 )  23 (5) ( 1 )  
Giant cells 0 16 (5) 0 18 (4) ( 1 ) 
A, p < 0.05, C vs OA group; X, p < 0.05, OA wfo ADI vs OA with POD; Y, p < 0.05, OA wfo ADI vs OA with DP; Z, p < 0.05, 
OA with POD vs OA with DP 
Table 4. Frequency (count) and mean ± standard deviation of subintima LM variables in the control 
group, OA group and OA subgroups 
LM VARIABLES Control OA OA wjo ADI OA with POD OA with DP 
(n•9) (n=3 1) (n=6) (n=22) (n=3) 
SUB INTIMA 
Areolar subintima 22 (2) 0 0 0 0 
Fibre-areolar subintima 78 (7) 10 (3) 17 ( 1 )  9 (2) 0 
Fibrous subintima OA 90 (28)A 83 (5) 9 1  (20) (3) 
Increased activity fibroblasts 0 23 (7) 17 ( 1 )  18 (4) (2) 
Hypervascularity 33 (3) 52 ( 1 6) ox.Y 59 ( 13)x (3)y 
Perivascular fibrosis 1 1  ( 1 )  16 (5) 0 23 (5) 0 
Inflammatory infiltrate 0 3 ( 1 )  0 5 ( 1 )  0 
Extravasation erythrocytes 22 (2) 19 (6) 17 (1 )  1 8  (4) ( 1 ) 
Giant collagen fibers 0 19 (6) 33 (2) I 8  (4) 0 
Elastic fibers 0 26 (8) 33 (2) 23 (5) ( 1 ) 
Giant cells 0 IO (3) 0 9 (2) ( 1 )  
Mast cells 0 3 ( I )  0 0 ( 1 )  
Incorporated bone particles 0 7 (2) 0 9 (2) 0 
Adipocytes 1 1  ( I )  7 (2) 0 9 (2) 0 
A, p < 0.05, C vs OA group; X, p < 0.05, OA wjo ADI vs OA with POD; Y, p < 0.05, OA wfo ADI vs OA with DP 
groups. Fibrous intima matrix (Fig 2) was found 
significantly more frequently in the OA group 
than in the control group. Again, all of these 
fibrous matrixes were identified in the OA PDD 
and OA DP subgroups, resulting in significant 
differences of these subgroups with the OA wfo 
ADI subgroup. Dense surface material (Fig 5) and 
intima giant cells were found in 23% and 16%, 
respectively, in the OA group,  and never in the 
control group. The most striking and significant 
LM difference between the OA group and control 
group was the presence of a fibrous subintima, 
80 Cha ter 9 
Figure 1. Survey section of an extensive, club/ball-shaped surface projection, the lower part of which had been originally 
attached to the rest of the synovial membrane. Even at this low magnification, hyperplasia of the synovial intima (I) can be 
observed, whereas the intima matrix is relatively dense and deeply staining in character. The subintimal tissue (SI) is 
composed of dense collagen fibers, interspersed with several small blood vessels (arrows) (Toluidine blue stain, magnification 
x24). 
Figure 2. Hyperplastic synovial intima (I) contains hypertrophic active synovial intima cells (arrows), whereas initial deposition 
of dense fibrous or filamentous material can be observed in the intima matrix. The subintimal tissue (SI) shows an increased 
activity of fibroblasts (Toluidine blue stain, magnification x l60) . 
and thus the fibrous type of synovial membrane, 
(Figs 1-6) in 90% of the OA group, and never in 
the control group. Activity of subintimal fibro 
blasts was increased in 23% of the OA group, 
and never in the control group. Hypervascularity 
(Fig 6) was found in 52% of the OA group and in 
33% of the control group, but this difference was 
not significant. However, the mean extent of 
hypervascularity was more severe in the OA 
group than in the control group. Hypervas­
cularity was never found in the OA w j o ADI 
subgroup, rendering the differences with both 
other subgroups significant. Perivascular fibrosis 
(Fig 7) was found in 1 6% of the OA group, all 
from the OA PDD subgroup, and in 1 1% of the 
control group. An inflammatory infiltrate was ob­
served only once, in the OA PDD subgroup. 
Extravasation of erythrocytes was found in ap­
proximately equal percentages in the OA group 
and control group. Giant collagen fibers (Fig 8) 
were found in 19% of the OA group, elastic fibers 
(Fig 9) in 26%, giant cells in 10%, mast cells in 
3%, and incorporated bone particles (always in 
combination with subintimal giant cells) in 7% 
of the OA group, whereas none of these LM vari­
ables were found in the control group (Fig 1 0) .  
However, these differences were not significant. 
Finally, adipocytes (Fig 8) were found in 7% of 
the OA group and in 1 1% of the control group. 
Differences compared with the duration of 
clinical signs and symptoms, with the dura­
tion of PDD in those cases that were pre­
ceded by a period of clicking, and with the 
use of NSAIDs 
Several significant differences were found re­
lated to LM variables in the OA group compared 
with the duration of clinical signs and symptoms 
(Table 5) . Intima hyperplasia, fibrous intima ma­
trix, dense surface material, and subintima elas­
tic fibers were found significantly more fre­
quently in the first 2 years than in the period 
after the first 2 years of clinical signs and symp­
toms. Hypertrophic and closely packed intima 
cells were found significantly more frequently in 
the first year than in the period after the first 
year of clinical signs and symptoms. The only 
significant difference compared with the dura­
tion of PDD in the 1 5  cases that were preceded 
by a period of clicking was the more frequent 
presence of fibrous intima matrix in the first half 
year compared with that in the period after the 
Osteoarthritic TMJs: histopathologic synovial membrane findings 8 1  
Figure 3. Hyperplastic synovial intima (I) contains hypertrophic irregularly shaped synovial intima cells (arrows) with 
numerous vacuolelike intracytoplasmic structures, possibly indicating initial cell degeneration. SI, subintima (Toluidine blue 
stain, magnification xl60). 
Figure 4. Normal thiclmess synovial intima (I) contains irregularly shaped synovial intima cells (arrows) with numerous dense 
cytoplasmic structures. SI, subintima (Toluidine blue stain, magnification x l60). 
first half year after the onset of PDD(Table 6).  
However, this difference was not significant in 
comparison with the other osteoarthritic TMJs 
(Table 7). In the 1 5  cases that were preceded by 
a period of clicking, perivascular fibrosis was 
not found significantly more often in the first 
half year after the onset of PDD than in the pe­
riod after this first half year (Table 6) , but this 
difference was significant in comparison with 
the other osteoarthritic TMJs (Table 7) .  No sig­
nificant differences were found relative to LM 
variables and the use of NSAIDs by the patient, 
probably because of the small number of pa­
tients who had used NSAIDs. 
Intra-observer agreement 
The intra-observer agreement was satisfactory 
for all variables. 
DISCUSSION 
In the synovial membranes of the OA group, the 
number of synovial intima cell layers was signifi­
cantly higher, and fibrous intima matrix and 
fibrous subintima were found significantly more 
frequently than in the control group. Moreover, 
in the OA group, intima cell hypertrophy in com-
bination with a closely packed cell composition 
was found significantly more often in the first 
year than in the period after the first year of 
clinical signs and symptoms, whereas intima 
hyperplasia, fibrous intima matrix, dense sur­
face material, as well as subintima elastic fibers 
were found significantly more frequently in the 
first 2 years than in the period after the first 2 
years of clinical signs and symptoms. Based on 
the histopathologic findings in this study, we 
have formulated a theory on the pathogenic in­
volvement of the synovial membrane in the 
osteoarthritic process of the TMJ. 
The findings in this study suggest that OA of 
the TMJ may initially result in synovial intima 
hyperplasia and cell hypertrophy (Figs 2, 3) . 
This may be interpreted as a repair response of 
synovial intima cells analogous to the repair re­
sponse seen in articular cartilage chondrocytes 
in the initial stages of OA. 14 It is well known 
that, when activated by breakdown products of 
extracellular matrix of articular cartilage in the 
synovial fluid, synovial intima cells in the early 
stage of the osteoarthritic process produce 
proteoglycans in an attempt to protect them­
selves from further noxious factors in the 
synovial fluid. 14 It is quite conceivable that the 
hypertrophic active synovial intima cells ob-
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Figure 5. Synovial intima (I) is covered and partially replaced by dense surface material. The subintima (SI) is characterized 
by closely packed collagen fibers and thus fibrosis (Toluidine blue stain, magnification xl60). 
Figure 6. Extensive hypervascularity of the subintimal tissue is evidenced by numerous small blood vessels adjacent to the 
synovial intima (small arrows) , and by the presence of an extensive vascular plexus in the deeper layers (arrows) (Toluidine 
blue stain, magnification x l 6). 
served in the first year of clinical signs and 
symptoms in this study are also producing 
proteoglycans for this purpose. However, they 
may also be engaged in later synthesis of pro­
teases and cytokines which will further influ­
ence the osteoarthritic process, or in synthesis 
of excessive amounts of normal or pathologic 
extracellular matrix components of the synovial 
intima. Vascularity may be initially increased to 
meet the increased metabolic needs of the hy­
pertrophic active synovial intima cells. Eventu­
ally, the synovial intima cells appear to fight a 
losing battle as evidenced by the deposition of 
fibrous material in the synovial intima matrix 
and the subsequent degeneration of the synovial 
intima cell layer (Figs 2, 3) .  Deposition of fibrous 
material in the synovial intima matrix and the 
presence of similar dense surface material will 
probably impair the diffusion of nutrients de­
rived from the subintima vascular plexus to the 
chondrocytes. The exact nature of the dense fi­
brous material is unknown and currently under 
ultrastructural investigation. Besides the fibrous 
intima matrix, the subintima is also character­
ized by increasing amounts of fibrous tissue, 
which are in this case mainly composed of colla­
gen fibers, and by thus fibrosis, the start of 
which may be signalled by the presence of nu­
merous and active fibroblasts in this and other 
studies. 19•2° Fibrosis of the synovial membrane of 
the TMJ will further impair mandibular condyle 
mobility. In the late stage of synovial membrane 
involvement in OA, a relatively normal synovial 
intima cell layer is found in combination with an 
excessively fibrous synovial subintima, ie, fibro­
sis of the synovial membrane. In conclusion, the 
involvement of the synovial membrane in the 
osteoarthritic process of the TMJ is character­
ized by an early proliferative phase and a late 
fibrous phase. It appears that the intense and 
prolonged fibrous phase may not be a normal 
appropriate response to an initial insult but 
rather an aberrant counterproductive response. 
This may explain why some patients with TMJ 
disorders do not respond to nonsurgical treat­
ment . 
The impact of synovial membrane on the initi­
ation of OA is difficult to assess.2 1  In patients 
with initial OA early changes remain subclinical, 
and consequently these patients will not present 
for evaluation. However, according to the find­
ings in this study, the synovial membrane may 
play an important role in the perpetuation and 
exacerbation of the osteoarthritic process. To 
evaluate the true sequence of pathologic events 
in the synovial membrane, a longitudinal study 
would be more appropriate. Aside from the prac­
tical difficulties, however, this is not realistic 
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Figure 7. Extensive perivascular fibrosis is characterized by the presence of a considerable amount of enveloping tissue 
around the blood vessels (arrows), whereas the lumina have become occluded (Toluidine blue stain, magnification x l OO). 
Figure 8. Large amount of giant collagen fibers (arrows) is found between normal appearing collagen fibers in the subintimal 
tissue. Note the presence of several adipocytes (arrowheads) and the presence of a blood vessel showing slight perivascular 
fibrosis (small arrows) (Toluidine blue stain, magnification xlOO) . 
because the act of arthroscopy and the obtain­
ing of synovial biopsies will probably interfere 
with and further influence the natural course of 
the osteoarthritic process. Biopsies obtained 
from several of our patients in the OA group 
during subsequent open joint surgery showed 
considerably higher percentages of synovial in­
tima hyperplasia, hypervascularity, and inflam­
matory infiltrates compared with biopsies ob­
tained in these patients during arthroscopy in 
this study. In our opinion, this may at least 
partly explain the strikingly high percentage of 
inflammation reported by Holmlund et al22 in a 
study of posterior disc attachments in TMJs 
with disc displacement, obtained during 
discectomy in patients, in whom preoperative 
arthroscopy or arthrography was performed. 
Furthermore, we did not include vasodilatation 
and hyperemia (vascular congestion) in the scor­
ing list of LM variables in our study, because 
both vasodilatation and hyperemia may be ini­
tial phases in an acute inflammatory reaction to 
the trauma of either arthroscopy or biopsy.23 
In our opinion, differences between OA sub­
groups may be explained by differences in dura­
tion of clinical signs and symptoms between 
these subgroups ( OA wjo ADI > OA with PDD > 
OA with DP)(Table 1) rather than by concomi­
tant or subsequent stages of articular disc in-
volvement and these differences will be dis­
cussed in the following paragraph dealing with 
the individual LM variables. 
Surface projections (Fig 1) were found in 58% 
of the OA group and in 89% of the control group. 
This relatively high latter percentage may be due 
to the presence of folds that flatten out if the 
tissue is stretched and that allow normal or even 
excessive movement of the mandibular condyle 
in TMJs in the control group. In the OA group, 
the surface projections were more extensive. Ex­
tensive surface projections are often referred to 
as "villi" . These villi do not flatten out if the tis­
sue is stretched.24 Extensive surface projections, 
always in combination with fibrous subintimal 
tissue, were found significantly more frequently 
in the OA wjo ADI subgroup than in the OA 
PDD subgroup. 
Intima hyperplasia (Figs 2, 3) was found in 
19% of the OA group, but differences between 
groups or subgroups were not significant. How­
ever, intima hyperplasia was found significantly 
more often in the first 2 years than in the period 
after the first 2 years of clinical signs and symp­
toms. The number of synovial intima cell layers, 
however, was significantly higher in the OA 
group than in the control group. In a recent 
study of synovial membrane in TMJs with disc 
displacement by Gynther et al, 25 synovial hyper-
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Figure 9. Elastic fibers (arrows) are found in subintimal tissue, which also shows degenerating and giant collagen fibers (small 
arrows) (Toluidine blue stain, magnification x64). 
Figure 10. Synovial membrane of a control TMJ. The synovial intima (I) has normal thiclmess, although synovial intima cells 
are irregular. The subintima (SI) is of the fibro-areolar type (Toluidine blue stain, magnification xlOO). 
plasia was present in 48%, but hyperplasia in­
cluded everything over one cell layer. In our 
study, we followed the criteria of Ghadially,26 
who defined an intima cell layer of three to four 
cells thickness as normal, and considered five 
and over as hyperplastic. However, it is conceiv­
able that the normal synovial membrane of the 
TMJ contains considerably fewer synovial intima 
cell layers than other synovial joints, as sug­
gested by the mean number of cell layers 
( 1 .6±.5) in our control group. Moreover, as justly 
pointed out by Heffez,27 punch biopsies are sub­
ject to transsectional orientation problems dur­
ing histologic preparation, and consequently 
hyperplasia may be overestimated. According to 
Henderson and Edwards/8 the number of intima 
cell layers is best judged by the minimum num­
ber of cell layers seen in a section of surface that 
curves through 90° or more. Because of these 
transsectional difficulties, the absence of an in­
tact transversely sectioned synovial intima was 
included in the exclusion criteria in our study. 
Finally, the number of intima cell layers was 
significantly higher in the OA DP subgroup than 
in the OA PDD subgroup. Because the mean 
duration of clinical signs and symptoms was 
considerably shorter in the OA DP subgroup in 
comparison with that of the OA PDD subgroup, 
this may imply a relation with the duration of 
clinical signs and symptoms. Moreover, in a 
histopathologic study of synovial membrane re­
sponse to TMJ disc perforation by Helmy et al,29 
severe hyperplasia was demonstrated, which 
may indicate that the nature of this specific type 
of articular disc involvement results in an in­
creased response of the soft tissues. 
Intima cell shape was affected in 39% of the 
OA group (Figs 2-4) . All abnormal cell shapes 
were seen in the OA PDD and OA DP subgroups 
and never in the OA wfo ADI subgroup, which 
may also imply a relation with the duration of 
clinical signs and symptoms. In the first year of 
clinical signs and symptoms, hypertrophic in­
tima cells, always in combination with a closely 
packed intima cell composition, were found signif­
icantly more frequently than in the period after 
the first year of clinical signs and symptoms. 
Fibrous intima matrix (Fig 2) and dense surface 
material (Fig 5) were found significantly more 
frequently in the OA group than in the control 
group. Again, all fibrous intima matrixes were 
seen in the OA PDD and OA DP subgroups, im­
plying a relation with the duration of clinical 
signs and symptoms. Fibrous intima matrix and 
dense surface material were found significantly 
more frequently in the first 2 years than in the 
period after the first 2 years of clinical signs and 
symptoms. The dense fibrous or filamentous 
material found between and covering the synovi­
al intima cells in this study resembles the fibrin-
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Table 5. Count of various selected LM variables in the OA group compared with the duration of 
clinical signs and symptoms 
LM VARIABLES 0-1 yrs 1 -2 yrs > 2 yrs Total 
INTIMA 
Normal cell layer thiclmess 4 6 15 25 
Hyperplasia 3 38 08 6 
Nonhypertrophic cells 4 8 15  27 
Hypertrophic cells* 3A 1A 0 4 
Normal intima matrix 2 2 14 18 
Fibrous intima matrix 5 78 18  13 
Unaffected surface 4 6 14 24 
Dense material on surface 3 38 18  7 
SUB INTIMA 
No elastic fibers 4 5 14 23 
Elastic fibers 3 48 18  8 
Total 7 9 1 5  3 1 
A, p < 0.05, < 1 years vs > 1 year; B, p < 0.05, < 2 years vs > 2 years 
*Hypertrophic intima cells were always found in combination with a closely packed cell composition. 
like/fibrinoid material often found in chronic 
synovitis. 28 
Intima giant cells were found in 16% of the OA 
group. In other osteoarthritic joints, these multi­
nucleated cells are predominantly derived from 
type B synovial cells, and their presence in dis­
eased tissue may represent an aberrant re­
sponse to local factors such as cytokines, which 
is incidental to the limited proliferative capacity 
of synovial intima cells. 30 
The type of synovial membrane, determined by 
the type of subintimal tissue, was the most 
characteristic and significant feature in differen­
tiating the OA group and the control group. Fi­
brous subintimal tissue (Figs 1 -6) , and thus 
fibrosis, was found in 90% of the OA group and 
never in the control group. In several studies of 
TMJs with disc displacement,31-34 fibrosis of the 
retrodiscal tissue has been demonstrated, and 
abnormal compressive loading was suggested to 
result in this production of excessive collagen.35 
However, in our study, fibrosis was also found 
in OA subgroups in which no disc displacement 
had occurred. Consequently, factors other than 
excessive loading probably play a role in the ex­
cessive production of collagen in osteoarthritic 
synovial membranes. 
Hypervascu.larity (Fig 6) was found in 52% of 
the OA group and in 33% of the control group. 
The mean extent of hypervascularity was more 
severe in the OA group than in the control 
group. All hypervascularity in the OA group was 
found in the OA PDD and OA DP subgroups, 
which possibly may imply a relation with the 
duration of clinical signs and symptoms. 
Gynther et al,25 in a study of synovial membrane 
of TMJs with disc displacement, reported a high­
er (6 1%) percentage of hypervascularity, but he 
used an additional inclusion criterion of arthro­
scopic impression of synovitis that may explain 
this difference. Heffez and Jordan,36 in a study of 
similar material, reported progressive superficial 
avascularity associated with progressive stages 
of disc displacement. This was not confirmed 
but rather contradicted by our study in which 
hypervascularity was found in 59% of the OA 
PDD subgroup, and normal or even avascularity 
in 1 00% of the OA wfo ADI subgroup. The pro­
gressive avascularity reported by Heffez and Jor­
dan is probably concomitant with and a result of 
the fibrosis of retrodiscal tissue adjacent to the 
posterior band of the articular disc, caused by 
compressive loading. 
Perivascular .fibrosis (Fig 7) was found in 16% 
of the OA group, and all were seen in the OA 
PDD subgroup. Perivascular fibrosis was found 
significantly more often in TMJs that had been 
preceded by a period of clicking and in which 
the onset of PDD was less than 6 months, in 
comparison with other osteoarthritic TMJs (Ta­
ble 7). In several studies of TMJs with disc dis­
placement,32-34 thickened arterial walls have also 
been demonstrated in the retrodiscal tissue. 
Therefore, perivascular fibrosis may represent 
an initial response to changes in mechanical 
loading. 
An inflammatory infiltrate was found only once 
(3%) , in the OA group. In two studies of TMJs 
with disc displacement,32·33 no inflammatory 
cells were found. In contrast, in two other stud­
ies,22·25 strikingly high percentages of inflamma­
tion were reported: 64% and 7 1%, respectively. 
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Table 6. Count of fibrous intima matrix and 
perivascular fibrosis in the OA with PDD 
subgroup that had been preceded by a period of 
clicking (n=15), compared with the duration of 
PDD 










A, p < 0.05 
preceded by preceded by 
clicking clicking 








1 1  
4 
15  
However, in these latter studies a compound 
grading system was used to define synovial in­
flammation on the basis of four parameters of 
which the presence of inflammatory cells consti­
tuted only one. By definition, inflammation of 
the synovial membrane histologically indicates 
invariably the presence of an infiltrate of acute 
or chronic inflammatory cells, and was therefore 
used as sole parameter of synovial inflammation 
in our study. Easily observable clinical signs 
and symptoms of acute inflammation are rubor 
(redness), calor (warmth), tumor (swelling) , and 
dolor (pain) . However, because of the location of 
the TMJ, deep under the base of the skull, these 
clinical signs and symptoms are difficult to ob­
serve in the TMJ other than in the lateral cap­
sule. During arthroscopy, redness and swelling 
are frequently observed, and the term "synovitis" 
has been liberally used to indicate these arthro­
scopic findings. However, because of the fre­
quent absence of inflammatory cells in osteo­
arthritic synovial membrane, as demonstrated in 
this and other studies, it should be kept in mind 
that the arthroscopically observed "synovitis" is 
characterized rather by its vascular and 
proliferative components than by its cellular 
component. 
Extravasation of erythrocytes was found in 
approximately equal percentages in the OA 
group and control group.  Because of this lack of 
difference and to the absence of concomitant 
fibrin, extravasation of erythrocytes in this study 
is thought to be caused by vessel rupture asso­
ciated with the biopsy procedure. 
Elastic fibers (Fig 9) were found in 26% of the 
OA group and not in the control group. More­
over, in the OA group, elastic fibers were found 
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Table 7. Count of fibrous intima matrix and 
perivascular fibrosis in the OA with PDD 
subgroup that had been preceded by a period of 
clicking and in which the onset of PDD was 
less than 6 months (n=8), in comparison with 
other osteoarthritic TMJs 
LM VARIABLES OA with PDD 
preceded by 
clicking 
















other OA Total 
15  18  
8 1 3 
22 26 
5 
23 3 1 
significantly more frequently in the first 2 years 
than in the period after the first 2 years of clini­
cal signs and symptoms. Elastic fibers associ­
ated with vessel walls were not scored because 
these are naturally present in association with 
vessel walls to accomplish the pump function of 
blood during venous dilatation and compression 
in joint movement.37•38 
Subintima giant cells were found in only 10% 
of the OA group, frequently in combination with 
incorporated bone particles. This finding sup­
ports the probable macrophage-derivation of 
subintimal giant cells.30 Tissue macrophages, 
like type A synovial cells, arise from bone 
marrow-derived monocytes. 
Mast cells were found only in one case in the 
OA group. Although mast cells have been impli­
cated in the pathogenesis of OA,39 this concept 
was not supported by our study. However, it is 
possible that in our study an underestimation 
occurred due to degranulation, which would 
render the mast cells difficult to identify. 40 
Incorporated bone particles were found twice in 
the OA group, both cases associated with TMJs 
in which clinical signs and symptoms had been 
present for more than five years. This is in ac­
cordance with the study by Myers et al41 in 
which the presence of cartilage shards in the 
synovium was associated with end-stage OA. 
The presence of bone particles in our study pos­
sibly indicates denudation in these TMJ s. 
According to several radiographic studies of 
TMJ OA and disc displacement,42-44 radiographi­
cally visible degenerative changes only become 
evident once the articular disc has become per­
manently displaced after a preceding period of 
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reducing disc displacement. In the literature, 
this finding is frequently used to demonstrate 
that OA (erroneously equated with these radio­
graphic changes) is preceded by disc displace­
ment. Synovial intima cells, probably through 
autosensitization to joint detritus, are known to 
produce cytokines that, in addition to influenc­
ing chondrocytes and thus cartilage metabolism, 
also modulate osteoclastic bone resorption and 
osteoblast-mediated bone formation, which will 
result in increased remodeling of the underlying 
subchondral bone.45 Therefore, in this study, we 
have studied not only the impact of the onset of 
early OA, as signalled by the onset of clinical 
signs and symptoms, on synovial membrane 
involvement, but also the impact of the onset of 
PDD in those cases that were preceded by a pe­
riod of clicking. The only significant difference 
compared with the duration of PDD in the 15 
cases that were preceded by a period of clicking, 
was the more frequent presence of fibrous in­
tima matrix in the first half year after the onset 
of PDD (Table 6) ,  however, this difference was 
not significant in comparison with the other 
osteoarthritic TMJs (Table 7) . No increased cel­
lular activity, such as intima hyperplasia or hy­
pertrophic or irregular intima cell shape, was 
observed. Consequently, although possibly part­
ly because of the limited number of PDDs pre­
ceded by clicking, based on the findings in this 
study, no evidence of synovial membrane in­
volvement in PDD was observed that might ex­
plain the progressive radiographically visible 
degeneration initiated by the onset of PDD de­
scribed in literature. Moreover, our findings sug­
gest that in these cases PDD is rather preceded 
by or concomitant with the osteoarthritic pro­
cess. 
Until now, classification criteria of TMJ disor­
ders have been predominantly based on the 
presence of symptoms related to displacement of 
the articular disc. 46•47 Because it is nowadays 
generally accepted that OA plays an important 
and probably initiating role in TMJ signs and 
symptoms/ 1 we have proposed a set of criteria 
to classify OA of the TMJ on the basis of classifi­
cation criteria of OA of other synovial joints that 
were developed by the American College of 
Rheumatology16 (Chapter 8, Table 1 ) .  Based on 
the selected classification criteria, in our opin­
ion, it is possible to differentiate OA from other 
causes of monoarthritis such as infection and 
crystal deposition diseases.48 However, it re­
mains difficult to differentiate OA from systemic 
diseases presenting with initial monoarticular 
manifestations such as ankylosing spondylitis 
and arthritis psoriatica. Classification criteria of 
TMJ OA subgroups are based on the presence of 
symptoms indicating articular disc involvement. 
Although perforation is occasionally also seen in 
PDD because of compression and thinning of the 
(retro)discal tissue, we considered several cases 
of disc perforation as a separate group because 
of the dominant character hereof, in analogy 
with the meniscal degeneration of the knee.49 
Much remains to be done with respect to the 
classification of OA and other diseases affecting 
the TMJ, and we advocate explicit and defined 
terminology to indicate distinct clinical, arthro­
scopic and histologic findings. In our opinion, 
because of the use of terms as, eg, "hyperplasia" 
to indicate both the arthroscopically observed 
tissue redundancy and the histologically ob­
served increased number of cell layers, and as 
"osteoarthritis" to indicate both a clinically de­
fined set of signs and symptoms and the 
arthroscopically observed cartilage degeneration, 
opportunities for confusion currently abound. 
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SUMMARY 
Objective. To study the correlation between arthroscopically observed changes in the synovial 
membrane and other joint components and synovial light microscopic (LM) fmdings in osteoarthritic 
temporomandibular joints (TMJs) and nonosteoarthritic control TMJs. 
Study design. Synovial membrane biopsies were obtained during unilateral arthroscopy in 
40 patients, including 31 patients with osteoarthritic TMJs and 9 patients with nonosteoarthritic 
TMJs. During the arthroscopic examination, various arthroscopic variables were recorded. During LM 
examination of the obtained biopsies, various LM variables were recorded. Correlations between 
arthroscopic and LM fmdings were analyzed with Cohen's Kappa and Spearman's rank correlation 
tests. 
Results. No correlations were found reaching the prerequisite satisfactory values in the 40 biopsies 
obtained in the retrodiscal tissue. In the anterodiscal tissue biopsies, arthroscopic hypervascularity 
correlated with LM intima cell shape and cell density, and arthroscopic lowered attachment to the 
anterior slope of the articular eminence correlated with the LM presence of a fibrous intima matrix. 
Overall, a high concurrence between several arthroscopic and LM variables was frequently seen. 
However, the LM severity of the pathologic changes was often less than was suggested 
arthroscopically. 
Conclusions. The findings in this study suggest that in the early stages of OA, vascularity may be 
increased to meet the increased metabolic demands of the hyperplastic and hypertrophic intima cells, 
whereas in the later stages the development of a fibrous intima matrix may result in adhesion 
formation with opposing or adj acent articular surfaces and ultimately in limited joint recesses. 
Finally, the absence of a correlation between arthroscopically observed articular cartilage 
degeneration and LM indications of increased intima cellular response may be explained by the 
presence of a burnt-out stage of osteoarthritis in several TMJs in which arthroscopically cartilage 
degeneration was observed, whereas light microscopically no indications of increased synovial cellular 
activity were found. 
Int J Oral Maxillofac Surg (submitted) 
INTRODUCTION 
Until the development of arthroscopy, the pri­
mary cause of the majority of temporomandibu­
lar (TMJ) disorders was generally assumed to be 
an anteriorly displaced articular disc. 1 Arthro­
scopy visually enabled new insights into the 
pathogenesis of these disorders. Arthroscopy 
has increased the anatomic knowledge of the 
TMJ, permitted a precise diagnosis of the actual 
position of the articular disc, and resulted in an 
increasing appreciation of the prominent carti­
lage degeneration and synovial membrane affec­
tion. Frequently, the most striking arthroscopic 
findings in symptomatic TMJs involve the patho­
logic changes of this synovial membrane such as 
hypervascularity, hyperemia, and tissue redun­
dancy. This has often elicited the diagnostic 
term "synovitis" from its observers, inferring in-
flammation of the synovial membrane. In a 
study of knee joint synovitis in patients with 
various arthritides, a highly significant correla­
tion was indeed demonstrated between local ar­
throscopic and light microscopic (LM) signs of 
inflammation. 2 In several studies of TMJ 
synovitis in patients with disc derangement and 
other joint disorders, 3"7 a LM correlation of 
arthroscopically observed synovial changes was 
also reported, although surprisingly divergent 
findings were demonstrated. For instance, Carls 
et al7 concluded that arthroscopic hyperemia 
does not imply LM synovitis, whereas Gynther et 
al6 questioned arthroscopically observed in­
creased vascularity as a sign of LM synovitis and 
proposed hyperplasia (tissue redundancy) as 
well as hyperemia as indicative of LM synovitis. 
In all these studies LM correlation was better in 
joints with more severe arthroscopic synovitis. 
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Unfortunately, arthroscopic and LM criteria of 
various findings were sometimes not defmed, 
whereas different combinations of criteria were 
used for arthroscopically and light microscopi­
cally diagnosed synovitis, which may explain the 
divergent findings in the three studies of TMJ 
synovitis. The aim of this study was to compare 
various arthroscopically observed synovial 
changes with their LM counterparts to establish 
their correlation, and to study the concurrence 
of LM findings in the synovial membrane with 
other arthroscopic changes to establish the 
synovial LM correlation with arthroscopically 
observed pathologic changes of other joint com­
ponents in osteoarthritic TMJs and nonosteoar­
thritic control TMJs. 
PATIENTS AND METHODS 
Patient selection 
Synovial membrane biopsies were obtained dur­
ing unilateral arthroscopy of the upper joint 
compartment of 40 TMJs. Thirty-one TMJs (25 
females, 6 males; mean age, 30. 1±9 . 1  years) had 
been diagnosed with osteoarthritis (OA) . Nine 
TMJs (8 females, 1 male; mean age, 27 .2±9 .7) 
had been diagnosed with other nonosteoarthritic 
conditions, including painful hypermobility, 
traumatic arthritis, and painful overloading. 
Patient selection and diagnostic evaluation have 
been described in more detail in chapters 8 and 
9.8 
Arthroscopic and light microscopic examina­
tion 
Arthroscopy was performed with the patients 
under general anaesthesia and optimal relax­
ation. The upper joint compartment was first 
entered in the posterior recess. Immediately 
upon entry, a systemic arthroscopic examina­
tion with a 2.3 mm, oo wide angle Stryker 
(Sunnyvale, CA, USA) arthroscope was initiated 
of the retrodiscal tissue, glenoid fossa, articular 
disc, and the posterior slope of the articular em­
inence. A second entry was made in the anterior 
recess using the triangulation principle9• 10 to 
examine the anterior slope of the articular emi­
nence, the ventral parts of the disc, and the 
anterodiscal tissue. The arthroscopic examina­
tion was performed immediately upon entry to 
prevent recording iatrogenic changes in the joint 
articular surfaces. As irrigation fluid, saline was 
used at hydrostatic pressure and warmed to 
body temperature to prevent vascular changes. 
For each TMJ, the presence, extent, and dis­
tribution of various arthroscopic variables were 
recorded, including retrodiscal tissue: hypervas­
cularity, hyperemia, redundancy, villi, adhe­
sions, flexure, heightened attachment to the 
Cha ter 10 
posterior wall of the fossa; glenoid fossa: creep­
ing synovitis, petechiae; articular disc: disc dis­
placement, limited mobility, creeping synovitis, 
fibrillation, perforation; articular eminence: 
angiogenesis, petechiae, cartilage degeneration; 
and anterodiscal tissue: hypervascularity, hyper­
emia, redundancy, villi, adhesions, lowered at­
tachment to the anterior slope of the articular 
eminence. The presence, extent, and distribution 
of all arthroscopic variables were examined twice 
for each TMJ, once during the arthroscopic pro­
cedure, and once on a recorded videotape with­
out knowledge of clinical findings. Arthroscopic 
examination and definitions of arthroscopic vari­
ables have been described in more detail in 
chapter 8 . 1 1  
Synovial biopsies were obtained prior to the 
arthroscopic surgery. With a specially designed 
punching instrument, a circular biopsy ( 1  mm 
in diameter) was cut that was subsequently sep­
arated from the underlying tissues with a biopsy 
forceps. Biopsies were taken of the synovial 
membrane of the retrodiscal and frequently also 
anterodiscal tissue, showing the most character­
istic arthroscopic pathologic features of the TMJ 
synovial membrane,  including hypervascularity, 
hyperemia, and tissue redundancy. The biopsies 
were transferred into a fixative containing 2% 
paraformaldehyde and 0.5% glutaraldehyde in a 
0 . 1 M phosphate buffer (pH 7.4).  Following fixa­
tion, the specimens were postfiXed in a 1% os­
mium tetroxide solution, and dehydrated in a 
graded series of ethanol and propylene oxide. 
After embedding in Polybed 8 1 2  (PolyScience 
Inc., Warrington, PA, USA), 1 !Jill thick sections 
were cut with a glass knife on a Reichert OMU4 
ultratome (Reichert Scientific Instruments, 
Wien, Austria) , stained with toluidine blue, and 
examined by light microscopy (LM) .  
For each TMJ, various LM variables were re­
corded, including synovial intima: surface projec­
tions, intima hyperplasia and number of intima 
cell layers, intima cell shape and density (com­
position) , fibrous intima matrix, dense surface 
material, intima giant cells; and subintimal tis­
sue: the type of synovial membrane, activity of 
subintimal fibroblasts, hypervascularity, peri­
vascular fibrosis, inflammatory infiltrate, extrav­
asation of erythrocytes, giant collagen fibers, 
elastic fibers (not associated with vessel walls), 
giant cells, mast cells, incorporated bone parti­
cles, adipocytes. The aforementioned LM vari­
ables had to be present in at least half of the LM 
synovial membrane sections of each TMJ before 
these variables were scored as present. The 
presence of all LM variables was examined twice 
for each TMJ with an intervening period of two 
months without knowledge of clinical findings. 
LM examination and definitions of LM findings 
have been described in detail in chapter 9.8 
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Figure 1. Retrodiscal tissue hypervascularity showing an increased number of small blood vessels opposing an apparently 
smooth articular eminence. Left TMJ, 32-year-old male. 
Figure 2. Extensive hypervascularity of the subintimal tissue. (Toluidine blue stain, magnification xlOO). 
Figure 3. Large perforation of the articular disc through which cartilage proliferations (arrows) are seen expanding into the 
upper joint compartment. Note the hyperemia of the retrodiscal border of the perforation. Right TMJ, 29-year-old male. 
Figure 4. The hyperplastic synovial intima contains closely packed hypertrophic and giant cells (arrows) , whereas the 
subintimal tissue shows an increased activity of fibroblasts. (Toluidine blue stain, magnification x3 15) .  
Figure 5 .  Slight fibrillation of the lateral third of the articular eminence (arrow) . Left TMJ, 32-year-old male. 
Figure 6. An extensive inflammatory infiltrate of plasma cells and lymphocytes. Note the irregular synovial intima lining cells. 
(Toluidine blue stain, magnification xSOS). 
Statistical analyses 
Correlations between arthroscopic and LM vari­
ables were analyzed with Cohen's Kappa in the 
case of nominal data, and with Spearman's rank 
correlation tests in the case of ordinal data. A 
significant correlation only means that the hy­
pothesis of no relation is rejected. In this study 
it was aimed for an (almost) perfect agreement of 
arthroscopic and LM findings. Thus, significance 
alone was not satisfactory and a higher level of 
agreement was needed. Values for Kappa of 0.6 
and higher and values for a correlation coeffi­
cient of 0.7 and higher were considered satisfac­
tory, whereas values for Kappa of 0.5 and higher 
and values for a correlation coefficient of 0.6 and 
higher were considered indicative of a weak cor­
relation. 
RESULTS 
Correlations between arthroscopically ob­
served changes and light microscopic find­
ings in the synovial membrane of the 
retrodiscal and anterodiscal tissue 
No correlations were found reaching the prereq­
uisite satisfactory values in the 40 biopsies ob­
tained in the retrodiscal tissue. However, in sev­
eral TMJ s a high concurrence was observed be­
tween arthroscopic and LM pathologic changes. 
Overall, the arthroscopic impression of pathol­
ogy was frequently found to be of lesser LM se­
verity. 
No satisfactory correlation was found between 
arthroscopic retrodiscal tissue hypervascularity 
(Fig 1 )  and LM hypervascularity (Fig 2)(r=.47) 
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probably because of several cases in which 
arthroscopically the presence of hypervasculari­
ty was suggested but light microscopically no 
increased number of blood vessels was observed. 
Arthroscopic retrodiscal tissue hyperemia show­
ed a weak correlation (r=0.6) with LM extrav­
asation of erythrocytes (Table 1 ) .  No correlations 
were found between arthroscopic retrodiscal 
tissue redundancy or villi and LM surface pro­
jections nor with intima hyperplasia. Arthro­
scopic retrodiscal tissue adhesions showed a 
weak correlation with LM intima cell shape 
(r=.62), implying that with an increased pres­
ence of adhesions, light microscopically irregular 
and hypertrophic cells were more frequently 
found (Table 1 ) .  The absence of an arthroscopic 
flexure was found more often in TMJs in which 
light microscopically fibrous synovial membrane 
was observed. However, no correlation could be 
established, probably because of several TMJs in 
which the presence of a flexure was found con­
currently with fibrous synovial membrane. 
Concerning the biopsies obtained in the 
anterodiscal tissue, three significant correlations 
were found. Arthroscopic anterodiscal tissue 
hypervascularity was found to be correlated with 
LM intima cell shape (r=.7) and cell density 
(r=.9) ,  and an arthroscopic lowered attachment 
to the anterior slope of the articular eminence 
was found to be correlated with the presence of 
a fibrous intima matrix (r=.73)(Table 1 ) .  
Correlations between arthroscopically ob­
served changes in the glenoid fossa, articular 
disc, articular eminence, and light micro­
scopic findings in the synovial membrane 
Arthroscopic creeping synovitis into the glenoid 
fossa was found more often in TMJs that dem­
onstrated LM hypervascularity, although no cor­
relation could be established (r=.47). Arthro­
scopically diagnosed petechiae in the glenoid 
fossa appeared to correlate weakly with the 
presence of an increased activity of subintimal 
Table 1. Significant and weak correlations 
between arthroscopic and light microscopic 
f"mdings 
ARTHOSCOPIC r LM VARIABLE 
VARIABLE 
Retrodiscal hyperemia 0.6 Extravasation 
erythrocytes 
Retrodiscal adhesions 0.62 Intima cell shape 
Anterodiscal 0.7 Intima cell shape 
hypervascularity 0.9 Intima cell density 
Anterodiscal lowered 0.73 Fibrous intima matrix 
attachment 
Glenoid fossa petechiae 0.67 Increased activity 
subintimal fibroblasts 
fibroblasts (r=.67) (Table 1) .  
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A remarkable fmding was that the presence of 
a disc displacement did not correlate, not even 
weakly, with any LM pathologic fmdings. A lim­
ited disc mobility was frequently found concur­
rently with a fibrous synovial membrane, al­
though no correlation could be established. Ar­
throscopic creeping synovitis onto the articular 
disc was found more often in TMJs that demon­
strated LM hypervascularity, although no corre­
lation could be established (r=.47). Arthroscopic 
creeping synovitis was frequently found in con­
currence with LM intima cell shape (r=.55). 
Moreover, a disc perforation (Fig 3) was fre­
quently found with LM intima hyperplasia 
(r=.46), intima cell shape (r"".46), and an in­
creased activity of fibroblasts (r=.56) (Fig 4). 
No correlations were shown between arthro­
scopically observed articular cartilage degenera­
tion of the articular eminence (Fig 5) and LM 
intima hyperplasia (r= .46), intima cell shape 
(r=.48) , intima cell density (r=.46), or the pres­
ence of intima giant cells (r=.48) , but all of these 
LM variables were frequently found in concur­
rence with cartilage degeneration. Arthroscopic 
cartilage degeneration was frequently found in 
concurrence with LM fibrous synovial membrane 
(r=.58) , and with an increased activity of the 
subintimal fibroblasts (r=.57). Finally, LM bone 
particles were found exclusively in TMJs with 
moderate or extensive cartilage degeneration of 
the articular eminence, although no correlation 
was found. 
DISCUSSION 
No correlations between arthroscopically ob­
served changes and LM fmdings were found 
reaching the prerequisite satisfactory values in 
the 40 biopsies obtained in the retrodiscal tis­
sue. In the anterodiscal tissue biopsies, arthro­
scopic hypervascularity correlated with LM in­
tima cell shape and cell density, and arthroscop­
ic lowered attachment to the anterior slope of 
the articular eminence correlated with the pres­
ence of a fibrous intima matrix. Overall, an in­
creased concurrence between several arthro­
scopic and LM variables was frequently seen. 
However, the LM severity of the pathologic 
changes was often less than was suggested 
arthroscopically. 
In previous studies of TMJ synovitis in pa­
tients with disc derangement and other joint 
disorders,3·7 arthroscopically diagnosed "synov­
itis" has been reported to be correlated with LM 
synovitis, although different criteria were used 
and different fmdings were shown. The arthro­
scopic diagnosis "synovitis" in all these studies 
was based on the concurrent presence of combi-
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nations of various criteria that showed consider­
able inter- and even intra-researcher differences. 
The only consistent arthroscopic variables that 
were always required for the diagnosis of arthro­
scopic synovitis were hypervascularity and hy­
peremia. Holmlund et al4•5 and Gynther et al6 
included the presence of synovial hyperplasia 
(tissue redundancy) , Holmlund et al4•5 consid­
ered fibrosis also indicative of synovial inflam­
mation, whereas Carls et al7 included vasodila­
tation in their classification criteria of arthro­
scopic synovitis. However, vasodilatation may be 
easily caused by arthroscopy which itself is a 
traumatic event. Moreover, differentiation be­
tween a large blood vessel and a dilated one is 
impossible during arthroscopy and can only be 
calculated in the LM sections by comparing in­
ner and outer vessel diameter. Therefore, in our 
opinion vasodilatation should not be included in 
arthroscopic criteria of TMJ synovitis. Further­
more, in various studies several variables were 
not or not similarly defined. For instance, the 
term hyperemia was usually used to indicate 
tissue redness, whereas Carls et al7 used this as 
embracing term for arthroscopically diagnosed 
synovitis. Similarly, the LM diagnosis synovitis 
was made on different criteria in the various 
studies, although all included hypervascularity 
and the presence of inflammatory cells. How­
ever, Merrill et al3 recorded the presence or ab­
sence of LM synovitis by hypervascularity and 
inflammatory infiltrates of considerable num­
bers of inflammatory cells, whereas Gynther et 
al6 used an additional criterion of synovial hy­
perplasia and recorded several grades of LM 
synovitis in which the mere presence of only few 
inflammatory cells was considered enough to 
score synovitis. Moreover, the statistically satis­
factory levels of agreement were not defined in 
the various studies, and it is possible that the 
reported correlations were only significant. In 
spite of the aforementioned differences in defini­
tions, grading, and findings in the discussed 
studies, surprisingly similar correlations were 
reported between arthroscopically and light mi­
croscopically diagnosed synovitis.J.7 Therefore, 
the absence of correlations, except for the 
anterodiscal tissue, between arthroscopic syno­
vial changes and LM synovitis in this study of 
synovial membrane biopsies obtained in osteo­
arthritic TMJs was even more striking. There 
may be several explanations for this absence of 
correlations. The presence of an infiltrate of 
acute or chronic inflammatory cells (Fig 6) was 
used as a sole parameter of light microscopically 
diagnosed synovitis in our LM study,8 as de­
scribed in chapter 9. First, the lack of inflamma­
tory infiltrates and thus the lack of correlations 
in the present study may be inherent to the na­
ture of the joint disorder. In other symptomatic 
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osteoarthritic joints, an infiltration of lympho­
cytes and other mononuclear cells was found in 
only about one fifth of the cases, while the infil­
trate was generally mild. 12 This relatively low­
grade synovial inflammatory response may indi­
cate that synovial inflammation is a secondary 
phenomenon in OA, and has been suggested to 
differentiate OA from rheumatoid arthritis (RA) . 
In contrast, however, in a recent study13 by 
Gynther et al of the TMJ involvement in poly­
articular OA and RA, no differences in light mi­
croscopically observed synovial inflammation 
were found between these two disorders. 
Second, the lack of correlations found in this 
study compared with the other studies may have 
been caused by the use of too strict or just dif­
ferent criteria for LM synovitis. Triggered by the 
apparently striking synovial differences between 
our LM study8 and the study13 by Gynther et al, 
a joint comparative study was initiated in which 
the LM sections were jointly evaluated by 
Dijkgraaf and Gynther (unpublished data) . It 
appeared that the LM findings in both studies 
were not as divergent as expected, and that the 
reported differences were rather caused by dif­
ferent classification criteria of LM synovitis. 
Third, the lack of correlations found in this 
study may have been caused by inadequate bi­
opsy techniques or by nonrepresentative biopsy 
samples. Biopsies were taken of the synovial 
membrane, showing the most characteristic ar­
throscopic pathologic features. Possibly, the ab­
sence of an inflammatory infiltrate in a specific 
biopsy might have been a chance finding caused 
by intraarticular variation. In our opinion, how­
ever, this is unlikely because, although only one 
biopsy per TMJ was included in this study for 
statistical purposes, frequently several biopsies 
were obtained in one joint which showed basi­
cally similar findings. 
Furthermore, we disagree with Carls et al7 
that using the term "synovitis" in the absence of 
inflammatory infiltrates is only a semantic prob­
lem. In our opinion, the absence of inflammatory 
cells in a TMJ disorder should be considered an 
indication of the nature of the pathogenetic pro­
cess, and should have an impact on future re­
search. With the exception of Merrill et al,3 no 
study of TMJ synovitis has been able to demon­
strate the presence of inflammatory infiltrates to 
the extent of those seen in other synovial joints. 
However, in our histopathologic study of synovi­
al membrane involvement in TMJ OA,8 the char­
acteristic finding of fibrosis in the late phase of 
the osteoarthritic process suggests that an in­
flammatory process may have occurred in the 
preceding phase. Because in this preceding 
phase no or only very few inflammatory cells 
were found, this does not justify the light micro­
scopic diagnosis of synovitis, and this may indi-
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cate that the inflammatory process in TMJ OA is 
very mild and very gradual. 
In the following paragraph, the most striking 
present and absent correlations between 
arthroscopically observed changes and LM 
synovial findings will be discussed. No correla­
tion was found between arthroscopically and 
light microscopically observed retrodiscal tissue 
hypervascularity. This was predominantly due 
to several TMJs in which arthroscopically slight 
or even moderate hypervascularity was scored, 
whereas light microscopically normal vascularity 
was found. Therefore, the arthroscopic impres­
sion of an increased number of blood vessels 
may not always be substantiated by LM finding 
of an increased plexus of blood vessels. 
Retrodiscal tissue arthroscopic hyperemia 
showed a weak correlation with LM extravasati­
on of erythrocytes. Consequently, the arthro­
scopically observed hyperemia may be explained 
by the presence of extravasated erythrocytes in 
addition to the presence of blood vessels in the 
deeper layers. 
Arthroscopic retrodiscal tissue adhesions 
showed a weak correlation with the presence of 
LM irregular and hypertrophic intima cells, 
whereas an arthroscopic lowered attachment to 
the anterior slope of the articular eminence was 
found to be correlated with the presence of a 
fibrous intima matrix. Moreover, anterodiscal 
tissue arthroscopic hypervascularity was found 
to be correlated with LM intima cell shape and 
cell density. In our previous study of the arthro­
scopic findings in osteoarthritic TMJ s, 1 1  de­
scribed in chapter 8, anterodiscal tissue hyper­
vascularity was found significantly more often in 
the first years than in the period after these first 
years of clinical signs and symptoms, whereas a 
lowered attachment to the anterior slope of the 
articular eminence was found significantly more 
often in the later stages of the disorder. In our 
previous study of the LM findings in osteo­
arthritic TMJs,8 hypertrophic intima cells, al­
ways in combination with a closely packed cell 
density (composition) , were found significantly 
more often in the first year than in the period 
after this first year of clinical signs and symp­
toms, whereas a fibrous intima matrix was 
found significantly more often in the later stages 
of the disorder. These findings suggest that in 
the early stages of OA vascularity may be in­
creased to meet the increased metabolic de­
mands of the hyperplastic, hypertrophic intima 
cells. These intima cells may produce excessive 
amounts of extracellular intima matrix compo­
nents, but eventually get affected themselves as 
evidenced by the increasing numbers of 
intracytoplasmic filaments observed electron 
microscopically, 14 as described in chapter 1 1 . 
The so-called fibrous intima matrix observed 
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light microscopically is probably caused by the 
presence of large amounts of possibly abnormal 
intima matrix components and the presence of 
originally intracytoplasmic but released fila­
ments. It is quite conceivable that this fibrous 
intima matrix may offer opportunities for adhe­
sion formation with opposing or adjacent articu­
lar surfaces, which ultimately may result in lim­
ited joint recesses and consequently limitation of 
joint movement. Limitation of joint mobility and 
the presence of a fibrous intima matrix will 
probably impair the diffusion of chondrocyte 
nutrients from the subintimal blood vessels to 
the chondrocytes and therefore may cause a 
further deterioration of the osteoarthritic pro­
cess. 
Both the arthroscopic absence of a flexure 
and limited disc mobility were frequently found 
concurrently with a LM fibrous synovial mem­
brane, although no correlations were estab­
lished. This may indicate that in addition to a 
displaced articular disc that may physically form 
an obstruction in joint mobility, the presence of 
a fibrous synovial membrane may also result in 
limited joint mobility because of the limitation of 
disc mobility that may necessitate condylar 
translation in the lower joint compartment. 
An arthroscopically diagnosed disc perforation 
was frequently found in concurrence with LM 
intima hyperplasia, irregular and hypertrophic 
intima cell shape, and an increased activity of 
fibroblasts, which is in keeping with previous 
observations of an increased soft tissue response 
on this particular type of articular disc involve­
ment.8· 15 
Arthroscopically observed articular cartilage 
degeneration of the articular eminence was also 
frequently found in concurrence with LM indica­
tions of increased intima cellular response, in­
cluding intima hyperplasia, irregular and hyper­
trophic intima cell shape, intima cell density, 
and the presence of intima giant cells. However, 
no correlations were observed, probably because 
of the absence of an increased cellular response 
in several TMJs with moderate articular carti­
lage degeneration. Because of the considerable 
duration of clinical signs and symptoms in these 
TMJs, the osteoarthritic process may have 
reached a burnt-out stage in these TMJs which 
may explain the absence of an increased synovi­
al cellular response. Arthroscopic cartilage de­
generation was found to be very weakly corre­
lated with LM fibrous synovial membrane and 
with an increased activity of the subintimal 
fibroblasts signaling the start of the fibrotic 
phase, 15· 16 which may support this explanation. 
In conclusion, in this study of correlation be­
tween arthroscopically observed changes in the 
synovial membrane and other joint components 
and synovial LM findings, only three correlations 
Correlation between arthroscopic and histologic findings 
were found, all in the anterodiscal synovial 
membrane, involving arthroscopic hypervascu­
larity and LM intima cell shape and cell density, 
and arthroscopic lowered attachment to the an­
terior slope of the articular eminence and LM 
fibrous intima matrix. Based on these findings, 
it was suggested that in the early stages of OA, 
vascularity may be increased to meet the in­
creased metabolic demands of the hyperplastic 
and hypertrophic intima cells, whereas in the 
later stages the development of a fibrous intima 
matrix may result in adhesion formation with 
opposing or adjacent articular surfaces and ulti­
mately in limited joint recesses. Finally, the ab­
sence of a correlation between arthroscopically 
observed articular cartilage degeneration and 
LM indications of increased intima cellular re­
sponse may be explained by the presence of a 
burnt-out stage in several osteoarthritic TMJs in 
which arthroscopically cartilage degeneration 
was observed, whereas light microscopically no 
indications of an increased synovial cellular ac­
tivity were found. 
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SUMMARY 
Objective. To study the ultrastructural characteristics of synovial membrane in osteoarthritic 
temporomandibular joints (TMJs) in various stages of synovial membrane involvement in TMJ 
osteoarthritis (OA), and to develop a classification of this involvement based on morphological 
characteristics. 
Study design. Synovial membrane biopsies were obtained during unilateral arthroscopy in 
40 patients. Thirty-one TMJs constituted the OA group. Nine TMJs that were not involved by OA 
constituted the control group. During light microscopic (LM) examination, various LM variables were 
recorded, related to the duration of clinical signs and symptoms. Ten osteoarthritic synovial 
membranes demonstrating histologically visible pathologic changes in various stages of synovial 
membrane involvement, and one control synovial membrane were selected for electron microscopic 
examination. 
Results. The initial, early, and intermediate stages of synovial membrane involvement in TMJ OA are 
characterized by intima hyperplasia. In the initial and early stages, active and hypertrophic intima 
cells are found. In the intermediate stage, an increased number of both intracytoplasmic and 
extracellular filaments is predominant. Fibrosis of the subintimal tissue is initiated by an increased 
number of active fibroblasts. The late stage of synovial membrane involvement in TMJ OA is 
characterized by a relatively normal synovial intima of normal thickness, while in the subintimal 
tissue extensive fibrosis is seen. 
Conclusions. Synovial membrane involvement in TMJ OA is characterized by an early proliferative 
phase with probably growth factor-mediated increased cellular activity of synovial intima cells 
(resulting in hyperplasia and hypertrophy), of fibroblasts (resulting in increased production of 
collagen fibrils, and thus fibrosis), and of endothelial cells (resulting in blood vessel growth, and thus 
hypervascularity) . The late fibrous phase is characterized by extensive fibrosis of the subintimal 
tissue with normal or little cellular activity. 
J Oral Maxillofac Surg (submitted) 
INTRODUCTION 
Temporomandibular joint (TMJ) symptoms in 
the majority of patients seeking treatment are 
caused by osteoarthritis (OA) and disc displace­
ment of the articular disc, and frequently can be 
successfully treated by nonsurgical treatment. 1•2 
However, in a minority of patients seeking treat­
ment, these TMJ symptoms remain refractory to 
nonsurgical treatment, and surgical intervention 
is needed. Light and electron microscopic exami­
nation of osteoarthritic TMJ articular cartilage 
obtained during surgery demonstrated initial 
progressive disorganization of the collagen net­
work, loss of proteoglycan staining, and 
chondrocyte cluster formation, and subsequent 
fibrillation, detachments and thinning of the 
articular cartilage layer, and chondrocyte degen­
eration, ultrastructurally featured by accumula­
tion of intracytoplasmic filaments, degenerated 
mitochondria, and vacuolization of the cyto­
plasm.3·4 In a previous light microscopic (LM) 
study, 5 described in chapter 9, we studied 
synovial membrane involvement in osteoarthritic 
TMJs, with or without concomitant stages of 
articular disc involvement. We demonstrated 
several characteristic histopathologic features of 
osteoarthritic TMJs in comparison with non­
osteoarthritic TMJs, often related to the duration 
of clinical signs and symptoms. The findings 
suggested that OA of the TMJ may initially re­
sult in synovial intima hyperplasia and cell hy­
pertrophy, and subsequently in deposition of 
fibrous material in the intima matrix (Figs lA­
C) . Eventually, fibrosis of the subintimal tissue 
may occur in combination with degeneration 
and subsequent normalization of the synovial 
intima cell layer (Fig l D) .  Overall, fibrosis was 
the most characteristic feature of synovial mem­
branes in osteoarthritic TMJs. The aim of this 
study was to study the ultrastructural charac­
teristics of histologically visible pathologic 
changes in synovial membrane in osteoarthritic 
TMJs in various stages of synovial membrane 
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Figure 1. Light microscopic oveiView of stages of synovial membrane involvement in TMJ OA. A. Initial stage. The hyperplastic 
synovial intima contains active intima cells (small arrows). Note the presence of many nucleoli. The subintimal tissue contains 
numerous fibroblasts and several blood vessels (arrow) (Toluidine blue stain, magnification xlOO). B. Early stage. The 
hyperplastic synovial intima contains hypertrophic irregularly shaped intima cells (small arrows) . The subintimal tissue 
contains numerous and active fibroblasts and several blood vessels in which stasis appears to have occurred (arrow) 
(Toluidine blue stain, magnification xlOO). C. Intermediate stage. The hyperplastic synovial intima contains degenerating 
intima cells, whereas the intima matrix shows considerable amounts of dense material (arrowheads). The subintimal tissue 
contains numerous fibroblasts and blood vessels (Toluidine blue stain, magnification x l OO) . D. Late stage. The normal 
thiclmess synovial intima contains irregularly shaped intima cells in which dense structures can be seen (small arrows) . The 
subintimal tissue is characterized by dense collagen fibers and few fibroblasts (Toluidine blue stain, magnification x lOO) . 
involvement in TMJ OA, and to develop a classi­
fication of this involvement based on morpholog­
ical characteristics. 
MATERIALS AND METHODS 
Patient selection and diagnostic evaluation 
Forty patients (33 females, 7 males; mean age, 
29.4±9.2 years) who had remained refractory to 
nonsurgical treatment underwent unilateral 
arthroscopy of the upper joint compartment of 
40 TMJs. Thirty-one TMJs (from 25 females, 6 
males; mean age, 30. 1±9.1  years) constituted 
the osteoarthritic TMJ group, hereafter referred 
to as the OA group, based on predefined inclu­
sion criteria (Chapter 8 ,  Table 1 ) .  Nine TMJs 
(from 8 females, 1 male; mean age, 27.2±9.7 
years) that were not involved by OA constituted 
the nonosteoarthritic TMJ group, hereafter re­
ferred to as the control group, consisting of 
painful hypermobility (n=6) , traumatic arthritis 
(n=2), or painful overloading (n= 1) .  The sex-ratio 
and mean age did not differ significantly be­
tween the OA and control group. Exclusion cri-
teria for both groups had included the presence 
of TMJ growth disorders, other arthritides such 
as rheumatoid arthritis and crystal deposition 
diseases, the presence of systemic connective 
tissue disorders, as well as the presence of 
nonarticular disorders in the oral and maxillo­
facial area. Additional exclusion criteria were 
previous TMJ surgery, intracapsular injections 
of corticosteroids, and -during the arthroscopic 
examination- the inability to examine both the 
posterior and the anterior recess of the upper 
j oint compartment, as well as -in the light mi­
croscopic sections of obtained synovial mem­
brane biopsies- the absence of an intact trans­
versely sectioned synovial intima. 
For each TMJ, several clinical variables were 
recorded, including the duration of clinical signs 
and symptoms. Patient selection and diagnostic 
evaluation have been described in more detail 
in chapters 8 and 9. 5 
Arthroscopy and light microscopic examina­
tion 
Arthroscopy was performed with the patients 
under general anaesthesia via nasoendotracheal 
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intubation and optimal neuromuscular relax­
ation. Entry to the superior joint compartment 
of the TMJ was gained by the double or triple 
puncture technique as described by McCain and 
Moses.6•7 Saline solution was used for irrigation. 
After initial arthroscopic examination with a 2.3 
mm, 0°  wide angle Stryker (Sunnyvale, CA, USA) 
arthroscope, synovial membrane biopsies were 
obtained via triangulation principles. Biopsies 
were taken of the synovial membrane of the 
retrodiscal and frequently also anterodiscal tis­
sue, showing the most characteristic pathologic 
features of the TMJ synovial membrane, includ­
ing hypervascularity, hyperemia, and tissue re­
dundancy. The biopsies were transferred imme­
diately into a fixative containing 2% paraform­
aldehyde and 0.5% glutaraldehyde in a 0 . 1  M 
phosphate buffer (pH 7.4). After a fixation period 
of several weeks, the specimens were postftxed 
in a 1% osmium tetroxide solution, and dehy­
drated in a graded series of ethanol and propyl­
ene oxide. Subsequently, the specimens were 
embedded in Polybed 8 1 2  (PolyScience Inc . ,  
Warrington, PA, USA), and 1 1.1m thick semithin 
sections were cut with a glass knife on a 
Reichert OMU4 ultratome (Reichert Scientific 
Instruments, Wien, Austria) , stained with 
toluidine blue, and examined by LM. 
For each TMJ, various LM variables were re­
corded, including synovial intima hyperplasia 
and hypertrophy, fibrous intima matrix, the type 
of synovial membrane, activity of subintimal 
fibroblasts, and hypervascularity. Arthroscopy 
and light microscopic examination have been 
described in more detail in chapter 8 and chap­
ter 9, respectively.5 
Electron microscopic examination 
For EM examination, ten osteoarthritic synovial 
membranes demonstrating histologically visible 
pathologic changes in various stages of synovial 
membrane involvement in TMJ OA, and one 
control synovial membrane were selected. Be­
cause several histopathologic changes were pre­
dominantly present in the early stages of the 
disease, the mean duration of clinical signs and 
symptoms in the selected osteoarthritic synovial 
membranes was slightly shorter than in the en­
tire OA group (28.0±24.2 vs 35.3±30.0 months) . 
The 1 J.lm thick sections of the selected mem­
branes were studied by LM to identify the areas 
of interest. Subsequently, ultrathin sections 40-
60 nm thick were cut with a diamond knife and 
mounted on copper grids. The sections were 
stained with uranyl acetate and lead citrate, and 
examined by EM. 
For each synovial membrane, the following 
EM variables were recorded; synovial intima 
cells: nuclei and the presence of nucleoli and a 
nuclear fibrous lamina, the presence, extent, 
and quality of cell organelles, including mito­
chondria, rough endoplasmic reticulum (RER) , 
Golgi complexes, and lysosome-like bodies, the 
presence and extent of intracytoplasmic fila­
ments and lipofuscin, the presence of cell mem­
brane characteristics and pinocytotic vacuoles,  
and intima giant cells; synovial intima matrix: the 
presence and extent of collagen, filaments, 
electron-dense amorphous material, and crys­
tals; subintimal tissue: fibroblasts, blood vessels 
and endothelial cells, perivascular fibrosis, 
extravasation of erythrocytes, giant collagen fi­
brils, and elastic fibrils, as well as mast cells. All 
EM variables were examined twice for each 
synovial membrane by two observers with an 
intervening period of two months. 
RESULTS 
Based on histopathologic and ultrastructural 
findings, we have classified the synovial mem­
brane involvement in TMJ OA in four stages, in 
analogy with our classification of TMJ OA: initial 
stage, early stage, intermediate stage, and late 
stage.4 The illustrations have been categorized in 
intimal (Figs 2-8) and subintimal (Figs 9- 1 4) 
findings, because in several stages with differing 
intimal findings similar subintimal findings were 
present. 
The initial stage of synovial membrane involve­
ment (Figs 1A, 2) was characterized by hyperpla­
sia of the synovial intima cell layer. The intima 
cells appeared to be normal and active cells, as 
indicated by the frequent presence of nucleoli in 
the nuclei (Fig 2A). A thin nuclear fibrous lami­
na was also often observed. The most character­
istic ultrastructural feature of these cells, how­
ever, was the extensive rough endoplasmic retic­
ulum (RER), in addition to the presence of nu­
merous mitochondria and prominent Golgi com­
plexes (Fig 2B) . Moreover, the intima cell mem­
brane frequently demonstrated pinocytotic activ­
ity. The synovial intima matrix was scarce due 
to the hyperplastic and closely packed intima 
cells, but of normal appearance. It deserves no­
tion that no basement membrane, as defined at 
the ultrastructural level by the presence of a 
trilaminar structure between the synovial intima 
and subintimal tissue, was observed. The sub­
intimal tissue was characterized by the presence 
of numerous and active fibroblasts. Moreover, 
vascularity was increased (Fig 9) .  
The early stage of synovial membrane involve­
ment (Figs 1B,  3 ,  4) was characterized by intima 
hyperplasia and hypertrophy of the synovial in­
tima cells. The hypertrophic and closely packed 
intima cells frequently demonstrated irregular 
nuclei containing nucleoli and a thin nuclear 
fibrous lamina (Fig 3A) . The most characteristic 
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Figure 2. Initial stage A. Electron micrograph of a hyperplastic and closely packed synovial intima containing active intima 
cells. Note the nucleolus (small arrow), indicating increased metabolic cell activity (magnification x3,584). B. Detail of an active 
synovial intima cell with extensive rough endoplasmic reticulum (RER), numerous mitochondria (M). and prominent Golgi 
complexes (G). A thin nuclear fibrous lamina (arrowhead) and pinocytotic activity of the cell membrane (small arrow) are seen 
(magnification xl l ,827). 
Figure 3. Early stage A. Electron micrograph of a hyperplastic synovial intima containing hypertrophic synovial intima cells. 
Even at this magnification extensive dilatation of the RER (arrows) can be seen. Note the presence of several extravasated 
erythrocytes (E) and a nucleolus (small arrow) (magnification x3,6 1 2).  B. Detail of a hypertrophic synovial intima cell with 
characteristic dilatation of the RER (arrows) (magnification x l 2 ,288). 
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Figure 4. Early stage, late phase A. Electron micrograph of a hyperplastic synovial intima containing hypertrophic intima cells. 
In addition to the dilated RER, several intracytoplasmic electron dense structures (arrows) can be seen (magnification x3,889). 
B. Detail of a hypertrophic synovial intima cell in which besides dilated RER affected swollen mitochondria with distorted 
cristae (arrows) or with dense contents (small arrows) are found. Moreover, an increased number of intracytoplasmic filaments 
(F) and a thin nuclear fibrous lamina (arrowhead) can be seen (magnification x 1 1 ,520). 
Figure 5. Intermediate stage A. Electron micrograph of a degenerated synovial intima cell containing an abundance of 
intracytoplasmic filaments (F) and several affected mitochondria with dense contents (arrow) (magnification xl2,749). B. Detail 
of a degenerated synovial intima cell in which numerous intracytoplasmic filaments (F), lipofuscin (1) , and a distorted nucleus 
with thin nuclear fibrous lamina (arrowhead) are found. Note the disrupted cell membrane, which causes the originally 
intracytoplasmic filaments to lay in direct contact with collagen fibrils (C) in the intima matrix (magnification x17 ,676). 
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Figure 6. Late stage A. Electron micrograph of a relatively 
normal synovial intima cell layer, although the intima 
matrix still contains an increased amount of filaments. 
Note the presence of dense collagen bundles (C) in the 
subintimal tissue (magnification x7,543). B. Detail of a 
synovial intima cell containing lipofuscin (L) and several 
intracytoplasmic filaments. Despite the presence of these 
pathologic features, this cell still is metabolically active, as 
indicated by the presence of several pinocytotic vesicles 
(small arrows) (magnification x3 1 ,073). 
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ultrastructural feature of these cells was the 
extensive dilatation of the RER, often combined 
with affected mitochondria (Figs 3, 4) . Especially 
in the later phases of the early stage, mitochon­
dria appeared swollen with distorted cristae or 
with dense contents. In this phase, lysosome­
like electron-dense bodies and an increase in 
number of intracytoplasmic filaments were fre­
quently seen (Fig 4). Moreover, intima giant cells 
were occasionally found. Often, these intima 
giant cells demonstrated signs suggestive of fu­
sion of former synovial type B (fibroblast-like) 
cells, such as extensive RER and numerous mi­
tochondria (Fig 7). The subintimal tissue was 
similar to that in the initial stage of synovial 
membrane involvement, and characterized by 
the presence of numerous and active fibroblasts 
demonstrating extensive RER, and increased 
vascularity. In a rare case, large numbers of 
mast cells were found (Fig 1 0) .  
The intermediate stage of synovial membrane 
involvement (Figs lC,  5) was characterized by 
intima hyperplasia and degeneration of the 
synovial intima cells. The intima cells often con­
tained degenerated nuclei with a nuclear fibrous 
lamina. The most characteristic ultrastructural 
feature of these cells was the abundance of 
intracytoplasmic filaments, due to which only 
few organelles but mitochondria were identifi­
able (Fig 5) . Cell membrane disruptions were 
often observed, through which originally 
intracytoplasmic filaments were released into 
the intima matrix (Fig 5B) . Lipofuscin was often 
found in degenerated cells and cell rests. The 
synovial intima matrix contained a dense net­
work of originally intracytoplasmic filaments, 
probably accounting for the fibrous intima ma­
trix observed light microscopically. In several 
cases, this dense network covered or partially 
replaced the synovial intima, probably account­
ing for the dense surface material also observed 
light microscopically. In addition to the presence 
of cell rests and filaments, matrix degeneration 
appeared to occur, resulting in an increase in 
intima dense amorphous material, which might 
also be partially explained by the deposition of 
fibrin. Surprisingly, small crystals suggestive of 
hydroxyapatite were found in several cases adja­
cent to this dense material (Fig 8) . The subinti­
mal tissue occasionally also contained deposits 
of similar small crystals. Moreover, the subinti­
mal tissue was characterized, as in the previous 
two stages, by the presence of many and rela­
tively active fibroblasts, and increased vasculari­
ty, although both fibroblasts and endothelial 
cells contained increased numbers of intracyto­
plasmic filaments. An increased number of 
dense collagen bundles was observed. In several 
cases, giant collagen fibrils were found, whereas 
elastic fibrils were often found (Figs 1 1 , 12) .  
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Figure 7. Electron micrograph of an intima giant cell containing six nuclei with several nucleoli. At higher magnification, 
extensive RER and numerous mitochondria were observed, suggestive of fusion of former synovial type B cells. At the top right 
corner, a synovial B cell with characteristic RER appears to initiate further fusion (arrow) with the giant cell (magnification 
x2,774). 
Figure 8. Electron micrograph of a synovial intima with dense material (D) in combination with great numbers of small 
crystals (C). An intima cell appears to embrace these matrix components (magnification x 1 1 ,935). 
The late stage of synovial membrane involve­
ment (Figs 1D, 6) was characterized by a rela­
tively normal intima cell layer of normal thick­
ness. However, the intima cells still contained 
numerous intracytoplasmic filaments as well as 
lipofuscin. The intima matrix also contained 
these filaments although not to the dense extent 
observed in the intermediate stage. The 
subintimal tissue was characterized by, in con­
trast to the previous stages, the presence of only 
few fibroblasts containing intracytoplasmic fila­
ments, and by dense collagen fibrils and bun­
dles, and thus fibrosis (Fig 13) . Again, giant col­
lagen fibrils were occasionally found. 
DISCUSSION 
Synovial membrane involvement in the 
osteoarthritic process of the TMJ is classified in 
four stages based on histopathologic and 
ultrastructural findings of cellular and 
extracellular characteristics in the synovial 
membrane. However, we would like to stress 
that especially the EM part of this classification 
only applies to focal individual synovial intima 
cells and underlying subintimal tissue rather 
than to the synovial membrane of the entire 
TMJ, because although light microscopically 
differences in various locations may appear lim­
ited, electron microscopically these differences 
may be more significant in addition to the pre­
sumably focal onset and progression of synovial 
membrane involvement. 
The initial stage of synovial membrane involve­
ment is characterized by intima hyperplasia and 
active intima cells. These intima cells contain an 
extensive RER, numerous mitochondria, promi­
nent Golgi complexes, nucleoli (indicating pro­
tein synthesis8) and pinocytotic vesicles,  all in­
dicative of high metabolic cell activity. Possibly, 
this may be interpreted as a "repair response" 
similar to the one observed in OA in the articu­
lar cartilage. 4 The synovial intima cells may pro­
duce proteoglycans for autoprotection purposes, 
but may also be involved in protease and/or 
cytokine synthesis which will enhance the 
osteoarthritic process.9· 1 1  From the initial stage 
onwards, a thin nuclear fibrous lamina has been 
observed. In contrast to the popularly held belief 
frequently expressed in literature, this fibrous 
lamina does not develop in response to patholog­
ical degeneration or to mechanical loading. The 
thickening of the lamina is rather related to the 
process of hyperplasia and repair. 12 The 
subintimal tissue is characterized by the pres-
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Figure 9. Electron micrograph of a subintimal tissue in the early stage of synovial membrane involvement, containing several 
blood vessels (arrows) (magnification x2,936). 
Figure 10. Electron micrograph of a subintimal tissue with numerous mast cells (arrows) (magnification x2,010).  
ence of an increased number of active fibro­
blasts and increased vascularity. It seems likely 
that growth factors which probably caused the 
intima hyperplasia as a repair response, also 
resulted in an increased number of fibroblasts 
in the subintimal tissue, signalling the start of 
fibrosis. This is substantiated by studies in 
which is shown that sustained production of 
transforming growth factor-B underlies the de­
velopment of tissue fibrosis .  13 The increased 
vascularity is probably related to the increased 
metabolic needs of the active intima cells. In this 
case, growth factors may also have stimulated 
endothelial cells, resulting in blood vessel 
growth and thus hypervascularity. 
The early stage of synovial membrane involve­
ment is characterized by intima hyperplasia and 
hypertrophic intima cells. These intima cells 
contain an extensively dilated RER, presumably 
due to storage of secretory products,8 affected 
mitochondria, and an increase in number of 
intracytoplasmic filaments, all of which have 
also been described to occur in osteoarthritic 
synovial membrane in other synovial joints. 14'16 
These represent the first truly pathologic fea­
tures observed in osteoarthritic TMJ synovial 
membrane. The occasional presence of intima 
giant cells may represent a further aberrant re­
sponse to growth factors, incidental to the lim­
ited proliferative capacity of synovial intima 
cells. 17 
The intennediate stage of synovial membrane 
involvement is characterized by intima hyperpla­
sia and degeneration of synovial intima cells. 
These intima cells contain, in addition to several 
other pathologic features, abundant numbers of 
intracytoplasmic filaments. In normal cells, 
these filaments probably play an important role 
in the cytoskeletal integrity providing the cells 
with sufficient strength to withstand mechanical 
stress.18 The increased numbers of intracyto­
plasmic filaments observed in this study of 
osteoarthritic TMJ synovial membrane as well as 
in rheumatic diseases in other synovial 
j oints, 19·20 and which probably are of the viment­
in type,21 will likely affect the activity of synovial 
intima cells. Probably, these cells will no longer 
be able to fulfill the functions which they fulfill 
in normal synovial membrane. Moreover, thr; 
synovial intima matrix also contains increasf d 
amounts of originally intracytoplasmic but :e­
leased filaments. In normal synovial membrane 
in general, the intima matrix is composed 'Jf an 
amorphous material22 that probably cons'.sts of 
proteoglycans, hyaluronic acid, str .1ctural 
glycoproteins, with in the deeper laye s occa­
sionally periodic collagen fibrils and ty .c>e IV col­
lagen/3 and a microfibrillar surface lr .yer of pre­
sumably type VI collagen.24·25 The ir cima matrix 
functions as a filtration unit of mo1 .!cular flux as 
well as an anchor for resident in' 1ma cells.23·26·27 
An increased number of filamer LS in the synovi-
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Figure 1 1 .  Electron micrograph of an accumulation of giant collagen fibrils (GC) in the subintimal tissue (magnification 
x23,568). 
Figure 12. Electron micrograph of an elastic fibril (E) interlacing several collagen bundles (C) (magnification x10,2 14) .  
al intima will consequently increase the barrier 
of transsynovial transport, and will result in a 
changed composition of the synovial fluid,28 
thereby influencing the osteoarthritic process. 
Interestingly, a quarter of a century ago 
Murnane and Dok.u in a LM and EM study of a 
patient with "TMJ dysfunction" already attrib­
uted a deteriorative effect to the presence of fi­
brin and collagen in the intima matrix observed 
by them on the diffusion of nutrients, possibly 
resulting in cartilage damage.29 The changed 
biochemical composition of the intima matrix 
may explain the presence of crystals in several 
cases.30•3 1  It should be noted that these crystals 
had not been found in the LM sections, and were 
only illuminated by electron microscopy. 
The late stage of synovial membrane involve­
ment is characterized by a relatively normal 
synovial intima cell layer of normal thickness, 
although still numerous intracytoplasmic fila­
ments and lipofuscin, presumably residues of 
endogenous lysosomal degradation,8 are pres­
ent, whereas the intima matrix also still con­
tains an increased filamentous component. 
Again, this raises the question as to whether 
these intima cells have retrieved their initial 
functionalities or whether they remain dysfunc­
tional. The subintimal tissue is characterized by 
dense collagen bundles, ie, fibrosis. Remarkably, 
the subintimal fibroblasts and endothelial cells 
also contain many intracytoplasmic filaments, 
which are therefore no specific but rather gen­
eral signs of degeneration. In conclusion, synovi­
al membrane involvement in TMJ OA is charac­
terized by an early proliferative phase with prob­
ably growth factor-mediated increased cellular 
activity of synovial intima cells (resulting in hy­
perplasia and hypertrophy) , of fibroblasts (re­
sulting in increased production of collagen fi­
brils, and thus fibrosis) , and of endothelial cells 
(resulting in blood vessel growth, and thus 
hypervascularity) .  The late fibrous phase is 
characterized by extensive fibrosis of the 
subintimal tissue with normal or little cellular 
activity. 
This is the first report, to the best of our 
knowledge, both in TMJ and in general litera­
ture, linking synovial membrane findings with 
various stages of synovial membrane involve­
ment in OA. However, in experimentally induced 
OA of rabbit knee joints, parallel stages to those 
described in this study have been reported.32 
Clinically, OA is characterized by exacerbations 
and regressions. Therefore, we were surprised to 
find characteristics of increased cellular activity 
limited to the first three stages of synovial mem­
brane involvement in TMJ OA. Nevertheless, we 
presume that in the case of osteoarthritic exac­
erbations cellular activity again will be in­
creased. 
The predominant synovial intima cell type, 
either type A (macrophage-like) cells or type B 
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Figure 13. Electron micrograph of a subintimal tissue in the late stage of synovial membrane involvement, showing dense 
collagen bundles (C) interspersed with several degenerated fibroblasts (magnification x3,889). 
Figure 14. Electron micrograph of a blood vessel demonstrating perivascular fibrosis, found in the subintimal tissue of 
retrodiscal synovial membrane from a TMJ with a recently present permanent disc displacement (magnification x5, 142). 
(fibroblast-like) cells, is a frequent subject of 
debate both in normal and in osteoarthritic 
synovial membrane.33 In our study, in the first 
two stages type B synovial cells were predomi­
nant, whereas in the later stages cell differentia­
tion based on morphologic cytoplasmic struc­
tures was impossible because of the abundance 
of intracytoplasmic fllaments obscuring cell 
organelles. However, in several cases in the late 
stage of synovial membrane involvement, explicit 
macrophages have been observed. 
Extravasation of erythrocytes was occasion­
ally seen. It has been hypothesized that in­
creased vascular permeability with chronic ve­
nous stasis, resulting in a high interstitial pro­
tein content and the presence of irritants such 
as erythrocyte breakdown products, may cause 
transformation of the initial proliferative phase 
in a subsequent fibrous phase.34 However, be­
cause extravasation was found in approximately 
equal percentages in the OA group and the con­
trol group in this study, this was probably caus­
ed by vessel rupture associated with the biopsy 
procedure. Therefore, the hypothesis could not 
be substantiated in this study. Moreover, in our 
study perivascular fibrosis was frequently found 
in subintimal tissue of retrodiscal synovial 
membrane from OA TMJs with recently present 
permanent disc displacement (Fig 1 4) ,  which 
would theoretically render at least these vessels 
less permeable. 
Future research of osteoarthritic TMJ synovial 
membrane should be directed towards several 
subjects. First, synovial intima cell activity and 
production of as yet unknown factors, both in 
early and later stages of synovial membrane in­
volvement, should be investigated. Second, the 
biochemical composition of the intima matrix 
should be studied. Although in OA the environ­
ment is highly proteolytic ,  osteoarthritic synovial 
intima remains strikingly structurally intact. 
Because type VI collagen is relatively resistant to 
local proteases this protein has a potential role 
in anchoring synovial intima cells.27 Third, the 
role of growth factors in fibrosis of the subinti­
mal tissue should be illuminated because this 
may finally offer a true opportunity for therapeu­
tic intervention. Finally, research of molecular 
biology and biochemical characteristics should 
aim at explaining the female susceptibility to 
TMJ OA. 
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CHAPTER 1 2  
TEMPOROMANDIBULAR JOINT OSTEOARTHRITIS AND 
CRYSTAL DEPOSITION DISEASES 
- A study of crystals in synovial fluid lavages in osteoarthritic temporomandibular -
joints 
Leonore C. Dijkgraaf, I Robert S.B. Liem/ Lambert G.M. de Bont1 
1TMJ Research Group, Department of Oral and Maxillofacial Surgery, University Hospital Groningen, The Netherlands 
2-fMJ Research Group, Laboratory for Cell Biology and Electron Microscopy, University of Groningen, The Netherlands 
SUMMARY 
Objective. To study the presence of crystals in synovial fluid lavages of osteoarthritic 
temporomandibular joints (TMJs) to evaluate the possible role of these crystals in the osteoarthritic 
process. 
Study design. Synovial fluid lavage samples were obtained prior to arthroscopy of the upper joint 
compartment of 44 TMJs. The OA group consisted of 32 TMJs that had been diagnosed with TMJ OA. 
The control group consisted of 12 TMJs that had been diagnosed with other nonosteoarthritic 
conditions. The lavage samples were analyzed as wet preparations, unstained and stained, with 
ordinary light, polarized light and compensated polarized light for the presence of crystals and white 
blood cells. One sample was prepared for subsequent electron microscopic (EM) examination. 
Results. Synovial fluid lavage analysis of osteoarthritic TMJs did not show any monosodium urate 
monohydrate or calcium pyrophosphate dihydrate crystals. However, in three lavages (9%) possibly 
calcium-containing particles were identified with alizarin red S staining. White blood cells were only 
occasionally seen. Synovial fluid analysis of the lavages of the control TMJ s did not reveal any 
crystals, but occasional leukocytes were also observed. EM examination of one synovial fluid lavage of 
an osteoarthritic TMJ did not show any convincing crystals. 
Conclusions. Concurrence of TMJ crystal deposition and OA appears less prominent than in other 
synovial joints, and crystals probably do not play an important role in TMJ OA. 
Int Oral Maxillofac Surg (submitted) 
INTRODUCTION 
Concurrence of crystal deposition and osteoar­
thritis (OA) in synovial joints in general is well 
established. l-J It is still unknown whether crys­
tal deposition is a result, a contributing factor, 
or possibly both in OA. Three crystal types have 
been predominantly found, ie, monosodium 
urate monohydrate (MSUM) , calcium pyrophos­
phate dihydrate (CPPD) , and basic calcium 
phosphates (BCPs). BCPs encompass hydroxy­
apatite, tricalcium phosphate, and octacalcium 
phosphate. Deposits of MSUM, CPPD, and BCPs 
can also form in the absence of OA, which are 
clinically associated with acute or chronic gouty 
arthritis (MSUM deposition) , acute pseudogout 
or chronic pyrophosphate arthropathy (CPPD 
deposition), and acute periarthritis or chronic 
destructive joint disease (BCP deposition) .4•5 
However, mixtures of several different types of 
crystals are also frequently found in crystal de­
posits.6 MSUM deposition is highly related with 
hyperuricemia, ie, a supersaturation for urate in 
serum, which is caused by a generalized meta­
bolic abnormality.4•5 Urate is an endproduct of 
human purine metabolism. Although hyperuri-
cemia predisposes individuals to gout, it should 
be noted that hyperuricemia may remain 
asymptomatic and does not necessarily result in 
MSUM deposition or clinical symptoms. Because 
hyperuricemia is a generalized disorder, precipi­
tation of MSUM could occur anywhere. The site 
is decided by secondary local tissue factors that 
predispose to crystallization. 4 In contrast to 
MSUM deposition, deposition of other crystal 
types is predominantly caused by a localized 
disorder, frequently a local increase in metabolic 
activity or loss of inhibition of crystallization. 
CPPD deposition is probably caused by an in­
creased production of inorganic pyrophosphate 
by local chondrocytes. Inorganic pyrophosphate 
is produced in many intracellular reactions, in­
cluding the pyrophosphorylysis of nucleotide tri­
phosphates during biosynthesis of cell compo­
nents and matrix-destined molecules.5 Relatively 
little is known of BCP deposition. Research has 
been hindered by the small size of the crystals 
and their strong tendency to occur in mixtures 
with other crystals.4 
In the temporomandibular joint (TMJ) , crystal 
deposition appears to be quite rare. Only few 
reports on MSUM deposition7-15 and CPPD depo-
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sition12· 16'32 have appeared in the literature, 
whereas possibly BCP deposition-related clinical 
conditions of the TMJ have not been reported at 
all. In synovial membrane of osteoarthritic 
TMJs, however, a few hydroxyapatite-like crys­
tals have been found in an ultrastructural 
study,33 described in chapter 1 1 . Evident con­
currence of crystal deposition diseases and OA 
of the TMJ has never been reported. 
In synovial fluids of osteoarthritic knee joints, 
CPPD and BCP crystals have frequently been 
demonstrated.34-42 A mixture of CPPD and BCP 
crystals was found more often than either 
alone.36 CPPD crystals correlated with patient 
age, and BCP crystals with joint degenera­
tion.35-39 Although TMJ OA occurs at a young 
age (20's and 30's) , arthroscopically and micro­
scopically it is characterized by degeneration.43·44 
The aim of this study was to study the presence 
of crystals in synovial fluid lavages of osteo­
arthritic TMJs to evaluate the concurrence of 
crystal deposition and OA and the possible role 
of these crystals in the osteoarthritic process. 
MATERIALS AND METHODS 
Synovial fluid lavage sample selection 
Synovial fluid lavage samples were obtained 
prior to arthroscopy of the upper joint compart­
ment of 44 TMJs, including both osteoarthritic 
and nonosteoarthritic control TMJs. The OA 
group consisted of 32 TMJs (26 females, 6 
males; mean age, 3 1 .2±9.3 years) that had been 
diagnosed with TMJ OA. The control group con­
sisted of 12 TMJs (9 females, 3 males; mean age, 
29.7±9.8 years) that had been diagnosed with 
other nonosteoarthritic conditions, including 
painful hypermobility and overloading. The sex­
ratio and mean age did not differ significantly 
between the OA and the control group. Exclu­
sion criteria for both groups had included the 
presence of TMJ growth disorders, other 
arthritides, the presence of systemic connective 
tissue disorders, as well as the presence of 
nonarticular disorders in the oral and 
maxillofacial area. Additional exclusion criteria 
were previous TMJ surgery and intracapsular 
injections of corticosteroids. For each TMJ, the 
duration of clinical signs and symptoms was re­
corded. 
Arthroscopy was performed with the patients 
under general anaesthesia via nasoendotracheal 
intubation and under optimal neuromuscular 
relaxation. The joint anatomy was palpated dur­
ing ventral-dorsal joint movement to identify the 
maximum concavity of the glenoid fossa. Subse­
quently, a 19-gauge needle on a 1 ml syringe 
was introduced into the posterior recess of the 
upper joint compartment, while the condyle was 
Cha ter 12 
held in maximum ventral position. As lavage 
fluid, 1 ml water for injection (B. Braun Melsun­
gen AG, Germany) was used. This sterile, bidis­
tilled water was injected and aspirated at least 5 
times, allowing sufficient intervening time for an 
equilibrium to arise. Lavage samples that mac­
roscopically demonstrated contamination with 
blood were excluded from this study. Ten of the 
3 2  synovial fluid lavages of osteoarthritic TMJs 
and two of the 12 synovial fluid lavages of the 
control group were mixed immediately with a 
fixative containing 2% paraformaldehyde and 
0 . 5% glutaraldehyde in a 0 . 1  M phosphate buff­
er (pH 7.4) .  All samples were stored in the refrig­
erator during the arthroscopy. Arthroscopically, 
the presence of various variables was recorded, 
including degeneration of the articular cartilage, 
and hypervascularity, hyperemia, and redun­
dancy of the synovial tissues. The synovial fluid 
lavage samples were analyzed postoperatively. 
Synovial fluid lavage sample analysis 
Synovial fluid lavage samples were analyzed as 
wet preparations, unstained and stained, with 
ordinary light, polarized light, and compensated 
polarized light. A drop of lavage was placed on a 
precleaned slide, covered with a clean coverslip, 
and examined with ordinary light microscopy 
(LM) and polarized LM without and with a first 
order red compensator to identify MSUM and 
CPPD crystals by their morphology and sign of 
birefringence. For BCP crystal identification, a 
drop of lavage was mixed on a slide with a drop 
of 2% alizarin red S stain in solution (pH 4.2) 
that had been filtered with a micropore filter 
(0. 22 11m poresize) , and was subsequently exam­
ined with ordinary LM. Wright's stain was used 
to identify crystals and white blood cells. Finally, 
methylene blue stain was used to stain white 
blood cells. Each separate identification was 
performed at least 5 times by two observers. Two 
samples of the unfixed and two of the fixed 
osteoarthritic synovial fluid lavages were centri­
fuged prior to analysis. Based on light micro­
scopic findings, one of the synovial fluid lavages 
containing alizarin red S positive staining was 
selected for subsequent electron microscopic 
examination. The remaining synovial fluid la­
vage was fixed with a fixative containing 2% 
paraformaldehyde and 0 .5% glutaraldehyde in a 
0 . 1 M phosphate buffer (pH 7.4) , and centri­
fuged at 2000 rpm. Mter removal of the fixative 
the pellet was washed with washing solution 
(0. 1 M phosphate buffer, pH 7.4) in a water bath 
at 50°C. A few drops of 2% agar at 50°C was 
added to the pellet and shaken well to suspend 
the pellet components into the agar, following 
which it was again centrifuged. The newly form­
ed pellet was cut into small blocks that were 
postfixed for one hour with 1% osmium tetroxide 
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Figure 1. Alizarin red S positive staining, showing bright birefringence (arrow) with polarized light (Alizarin red S stain, 
magnification xl60). 
Figure 2. Alizarin red S negative staining, showing two highly birefringent starchlike particles (arrows) with polarized light 
(Alizarin red S stain, magnification xl60). 
and embedded in Epon. Semithin sections of 
1 ).lm thickness were cut and studied by LM to 
identify the areas of interest. Subsequently, 
ultrathin sections 40-60 nm thick were cut with 
a diamond knife and mounted on copper grids. 
The sections were stained with uranyl acetate 
and lead citrate, and examined by electron mi­
croscopy (EM) . 
A correlation between the presence of synovial 
fluid calcific material and arthroscopically scor­
ed cartilage degeneration was analyzed with Co­
hen's Kappa. 
RESULTS 
Synovial fluid analysis of the fixed and unfixed 
lavages of the osteoarthritic TMJs did not reveal 
any MSUM or CPPD crystals with ordinary or 
polarized light. Alizarin red S staining, however, 
demonstrated in three lavages (9%) several deep­
ly stained clumps suggestive of calcium-contain­
ing particles. With polarized light, these parti­
cles were brightly birefringent (Fig 1 ) .  White 
blood cell staining in the unfixed lavages showed 
only remnants of leukocytes. White blood cell 
staining in the fixed lavages did show several 
intact leukocytes, although no intracytoplasmic 
inclusions such as crystal-like particles were 
found. Erythrocytes were generally observed in 
every lavage. Finally, in four samples several 
particles were found with polarized light, show­
ing a strongly birefringent beach ball/maltese 
cross appearance suggestive of starch globules 
(Fig 2) .  In the centrifuged synovial fluid lavage 
samples, no identifications could be made be­
cause of the clustering of cells and particles. 
Synovial fluid analysis of the lavages of the 
control TMJs did not reveal any crystals, but 
erythrocytes and occasional leukocytes were 
observed. 
EM examination of one synovial fluid lavage of 
an osteoarthritic TMJ demonstrating alizarin red 
S positive staining after an extensive search did 
not show any convincing crystals .  
Finally, no correlation could be found between 
the presence of synovial fluid calcific particles 
and arthroscopically scored cartilage degenera­
tion. 
DISCUSSION 
Synovial fluid lavage analysis of osteoarthritic 
TMJs did not show any MSUM or CPPD crystals, 
while with alizarin red S staining in only three 
lavages possibly calcium-containing particles 
were identified. Alizarin red S staining is non­
specific for individual crystal species but is a 
useful screening stain for calcific material. 
Staining at acidic pH (4.2) increases its specific­
ity for hydroxyapatite but is still insufficient for 
definite characterization. The presence of 
hydroxyapatite crystals, which are BCPs crys­
tals, in synovial fluids from osteoarthritic knee 
joints has been related to the severity of joint 
damage in OA.35'39 However, the relative inci­
dence of crystal deposition in OA, other joint 
diseases, and normal control groups has not yet 
been established,2 whereas alizarin red positive 
particles as well as birefringent crystals have 
also been found in synovial fluids obtained from 
normal knee joints, and in even much higher 
percentages than were found in the lavages of 
osteoarthritic TMJs in this study.34 Therefore, 
concurrence of TMJ crystal deposition and OA 
appears less prominent than in other synovial 
joints, and crystals probably do not play an im-
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portant role in TMJ OA. 
There are three possible sources from which 
crystals in synovial fluid may have been de­
rived. 2 First, the crystals may be wear particles 
from the normally calcified cartilage zone or un­
derlying bone that have been exposed through 
tissue damage in OA. Second, the crystals may 
have originated from abnormal cartilage miner­
alization and subsequent shedding. In osteoar­
thritic synovial cartilage, active chondrocytes 
have been shown to form matrix vesicles that act 
as nucleation sites for aggregates of apatite crys­
tals. 45 In the deeper layers of TMJ osteoarthritic 
cartilage, matrix vesicles were also seen contain­
ing apatite crystals.46 These were predominantly 
found in the region adjoining the calcified carti­
lage zone as well as in this calcified cartilage 
zone itself. In normal synovial cartilage, mineral­
ization is inhibited by several factors, including 
avascularity.4 In this respect, the arthroscopic 
finding of angiogenesis,43 ie, neovascularization, 
of the articular eminence is quite significant. 
Third, crystals in synovial fluid may have been 
derived from areas of metaplasia in the synovial 
membrane or joint capsule, but there is little 
evidence to support this concept. However, a 
recent study of so-called rice bodies, which are 
supposedly synovium-derived endoarticular 
loose bodies, in synovial fluid from osteoarthritic 
knee joints showed that these were composed of 
fibrin as well as numerous intra- and extracellu­
lar apatite and CPPD crystals.47 Moreover, they 
contained synovial intima cells and few inflam­
matory cells, but also collagen fibers, chondro­
cytes and other components of cartilage. In con­
trast, a study of loose endoarticular bodies in 
pathologic TMJ synovial fluid failed to demon­
strated the presence of hydroxyapatite in these 
bodies, but showed that they were composed of 
calcite.48 Nevertheless, the presence of crystals 
in loose bodies in the synovial fluid does not di­
rectly imply synovial or capsular metaplasia un­
til the origin of these bodies has been identified. 
A correlation between the presence of calcific 
material in the TMJ synovial fluid lavages and 
arthroscopically scored cartilage degeneration 
could not be demonstrated in this study. This 
was probably caused by the limited number of 
lavages demonstrating these crystals. One of the 
two maj or problems with this study was the di­
lution of TMJ synovial fluid through the lavage. 
The average volume of synovial fluid of patho­
logic TMJs is 37 11L49 Because this volume is too 
small for fluid to be aspirated, lavage of the joint 
was the only way to obtain the TMJ synovial 
fluid. In this study, 1 ml water for injection was 
used as lavage fluid rather than saline to pre­
vent de novo sodium chloride crystal precipita­
tion in the slides. Inherent to the use of lavage 
fluid is the quite considerable dilution of synovi-
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al fluid, which may also result in crystal dissolu­
tion. Moreover, even in pure synovial fluid anal­
ysis questions remain as to what numbers, what 
concentration have a clinical relevance, espe­
cially because as mentioned above crystals have 
also been found in synovial fluids of normal 
joints. In addition to the dilution problem, which 
may cause crystals to be missed in the slides or 
to dissolve, an underdiagnosis may also have 
occurred due to the low threshold of reliable 
crystal identification by LM.41 •50 Until now, two 
methods have been proposed to determine the 
dilution factor in TMJ synovial fluid lavages,49•51 
but both have limitations.52 In future TMJ 
synovial fluid analysis for crystals, this dilution 
problem should be conquered, whereas the con­
centration of crystals that has a clinical rele­
vance should be established. Moreover, addi­
tional analytical techniques may possibly have 
to be used such as nuclide binding53 or 
hypochlorite solution.54 In our opinion, however, 
based on the findings in this study, crystals play 
only a limited role in the osteoarthritic process. 
The second major problem with this study 
was the lapse of time between the moment of 
lavage and the synovial fluid analysis, which 
ranged from 2 to 4 hours. It has been shown 
that leukocyte counts drop after 1 hour, where­
as after 6 hours it may have been reduced by as 
much as 50%.55 This may explain why white 
blood cell staining in the unfixed lavages in this 
study showed only remnants of leukocytes. 
However, this will also have been caused by the 
use of water rather than saline as lavage fluid 
and the consequent difference in osmotic pres­
sure. Overall, only few leukocytes were found. 
White blood cell counts of less than 2,000/mm3 
are generally considered noninflammatory.56 A 
white blood cell count was not performed in this 
study because of the dilution problem as men­
tioned above, and because the leukocytes ob­
served in the lavages may have been derived 
from blood that had contaminated the lavage 
due to the needling. The presence of erythro­
cytes as well as the presence of leukocytes in the 
control lavages may support this possibility. 
Moreover, the absence of increased numbers of 
leukocytes in the synovial fluid of osteoarthritic 
TMJs is in concurrence with the relative absence 
of inflammatory cells in the synovial membrane 
of these TMJs.57 
An unexpected finding in the synovial fluid 
lavages was the presence of starchlike globules, 
which probably derived from the use of rubber 
gloves during the arthroscopy. Although starch 
contamination might have occurred after the 
lavage, we support the recommendation by 
Bronstein of glove washing to prevent the occur­
rence of an iatrogenically induced starch 
synovitis. 58 
TMJ osteoarthritis and crystals 
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CHAPTER 1 3  
CALCIUM PYROPHOSPHATE DIHYDRATE CRYSTAL DEPOSITION DISEASE O F  THE 
TEMPOROMANDIBULAR JOINT 
- Report of a case -
Leonore C. Dijkgraaf, 1 Lambert G.M. de Bont, 1 Robert S.B. Liem2 
1TMJ Research Group, Department of Oral and Maxillofacial Surgery, University Hospital Groningen, The Netherlands 
2-fMJ Research Group, Laboratory for Cell Biology and Electron Microscopy, University of Groningen, The Netherlands 
SUMMARY 
Objective. To study the clinical, radiographic, and histologic characteristics of calcium 
pyrophosphate dihydrate (CPPD) crystal deposition disease of a case of the temporomandibular joint 
(TMJ). 
Case report. A 53-year-old woman was referred for pain and locking of her left TMJ. Her symptom s  
had developed after she had yawned widely, when she heard a loud click. Radiographic examination 
showed only slight degenerative changes. Six months later the patient suffered several attacks of 
acute arthritis. Radiographic examination at this time showed extensive lysis of the mandibular 
condyle and the articular eminence. Computed tomography showed a considerable amount of 
calcified material in the joint space. 
Conclusions. CPPD crystal deposition disease is notorious for its great ability to mimic other 
diseases in clinical, radiographic, and histologic appearances. In the presented case, initially a 
diagnosis of anterior disc displacement without reduction was made. The subsequent onset of several 
attacks of acute arthritis, however, resulted in the defmitive diagnosis of CPPD crystal deposition 
disease. It is conceivable that the initial CPPD crystal deposition disease may have resulted in disc 
displacement. 
J Oral Maxillofac Surg 50: 1003- 1 009, 1992 
INTRODUCTION 
Calcium pyrophosphate dihydrate (CPPD) crys­
tals in synovial joints were first discovered by 
McCarty et al in 1962 during examination of 
synovial fluid of patients with goutlike attacks of 
arthritis. 1 Initially the disease was termed 
"pseudogout" because of the remarkable similar­
ities to gout. The term "chondrocalcinosis" was 
coined by Zitnan and Sitaj to describe the char­
acteristic radiographic appearance of cartilage 
calcification of joints affected by attacks of acute 
inflammatory arthritis.2 The term "pyrophos­
phate arthropathy" was applied when it became 
clear that both kinds of attacks were clinical 
features of the same condition. Currently, how­
ever, the term "calcium pyrophosphate dihydrate 
crystal deposition disease" is used to indicate 
this disorder. The term "pseudogout" should be 
restricted to one of the clinical patterns of this 
disorder, which is characterized by intermittent 
(sub)acute arthritic attacks.3 The term "chondro­
calcinosis" only should be used to indicate ra­
diographically evident cartilage calcification.3 
The calcification can be caused by deposition of 
CPPD or other crystals. 
CPPD crystals may be found in articular and 
periarticular structures, including cartilage, 
synovial membrane, capsule, tendons, liga­
ments, and blood vessels. However, the CPPD 
crystals seem to have a distinct preference for 
fibrocartilage rather than hyaline cartilage.4 The 
pathogenesis of CPPD crystal deposition disease 
is not clear. Synovial fluid levels of inorganic 
pyrophosphate (PPi) are higher than plasma lev­
els in these patients. This gradient between 
synovial fluid and plasma indicates a local origin 
of PPi.5 The chondrocytes are thought to be 
overproducers because the crystals are first seen 
at the lacunar margin of these cells. 5 An abnor­
mal cartilage matrix may predispose to crystal 
nucleation. 6 
Various conditions have been associated with 
CPPD crystal deposition disease. Associated con­
ditions may include hyperparathyroidism, famil­
ial hypocalciuric hypercalcemia, hemochrom­
atosis, hemosiderosis, hypophosphatasia, hypo­
magnesemia, hypothyroidism, gout, neuropathic 
joint disease, aging, amyloidosis, trauma, and 
surgery. However, only aging and surgery have 
been proven to coincide with increased frequen­
cy in patients with CPPD crystal deposition dis­
ease.5 
CPPD crystal deposition disease has a great 
ability to mimic other diseases. Therefore, op­
portunities for confusion with other diagnoses 
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abound. Ryan and McCarty have differentiated 
several types of CPPD crystal deposition disease 
on the basis of various clinical patterns of ar­
thritis: type A, pseudogout; type B, pseudo­
rheumatoid arthritis; type C ,  pseudo-osteo­
arthritis with superimposed acute inflammatory 
attacks; type D, pseudo-osteoarthritis without 
acute exacerbations; type E, asymptomatic joint 
disease; type F, pseudoneuropathic joints; and 
miscellaneous other patterns. 5 Dieppe and 
Calvert, however, have differentiated two types 
of CPPD crystal deposition disease: acute arthri­
tis and chronic destructive arthritis. This differ­
entiation is based on the relationship between 
the clinical pattern and the underlying crystal 
deposition, in analogy with the clinical differen­
tiation of gout and basic calcium phosphate 
crystal deposition disease.4 
Acute arthritis is characterized by an acute, 
selflimiting, inflammatory attack in association 
with a joint effusion containing CPPD crystals. 
The knee is the most commonly affected joint. 
The temporomandibular joint (TMJ) is rarely 
affected. The mean duration of the acute attack 
is approximately 10  days, but may vary from 1 
day to 4 weeks. The attack can be provoked by 
surgery, illness, or trauma. A cluster attack, in 
which inflammation starts in one joint and then 
spreads to other nearby joints, may occur. Type 
A (pseudogout) , type B (pseudorheumatoid ar­
thritis), and type C (pseudo-osteoarthritis with 
superimposed acute inflammatory attacks) , ac­
cording to the classification of Ryan and 
Figure 1. Transpharyngeal radiograph of the right and left 
TMJ. The left condyle shows slight anterior lipping, but has 
adequate translation. 
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Figure 2 .  Patient during an acute attack of arthritis of the 
left TMJ with preauricular swelling (arrow). 
McCarty, are variations of acute arthritis. The 
pathogenesis of acute arthritis is not quite clear. 
The inflammation is probably initiated by crystal 
shedding from their cartilaginous molds .7 Con­
comitant radiographic disappearance of areas of 
cartilage calcification supports this concept.3 
Crystal shedding could be caused by a reduction 
in ionized calcium or inorganic pyrophosphate 
level in the synovial fluid, by a mechanical dis­
ruption of the cartilage, or by enzymatic degra­
dation of the cartilage matrix, the so-called 
"stripmining," caused by another type of arthri­
tis, eg, pyogenic infection or osteoarthritis, 
which could cause an increase of inflammatory 
proteases produced by the synovial membrane.7 
Therefore, crystal shedding may initiate, as well 
as result from, inflammation. 
Chronic destructive arthritis is often clinically 
indistinguishable from generalized osteoarthri­
tis. Clinical symptoms can be absent, or can 
include pain on use of the joint, limitation of 
movement, and crepitus, with or without a mod­
est effusion. Type D (pseudo-osteoarthritis with­
out acute exacerbations) , type E (asymptomatic 
j oint disease) , and type F (pseudoneuropathic 
j oints) , according to the classification of Ryan 
and McCarty, are variations of chronic arthritis. 
The pathogenesis of chronic destructive arthritis 
may be closely intertwined with that of 
osteoarthritis. Dieppe and Calvert have postu­
lated that osteoarthritis might precede as well as 
result from CPPD crystal deposition disease.4 
Local tissue damage, eg, caused by osteoarthri-
CPPD crystal deposition disease of the TMJ 
Figure 3. Detail of panoramic radiograph. The left TMJ 
shows extensive lysis of the condyle and articular emi­
nence. 
tis, may predispose to CPPD crystal deposition. 
Crystal shedding will result in inflammation, an 
increase of proteases produced by the synovial 
membrane, and further degradation of the carti­
lage matrix. Therefore, the crystals may act as 
an amplification loop in chronic arthritis. 
Until now, treatment of CPPD crystal deposi­
tion disease has been palliative. Acute attacks of 
arthritis can be treated by administration of 
nonsteroidal anti-inflammatory drugs or colchi­
cine.7 Intravenous colchicine (1 mg) will gener-
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ally control acute attacks of arthritis, but con­
traindications to its use exist.1 
The subsequent case report describes a pa­
tient with CPPD crystal deposition disease of the 
TMJ and illustrates the difficulty of establishing 
the diagnosis. 
REPORT OF CASE 
A 53-year-old Caucasian woman was referred 
to the Department of Oral and Maxillofacial Sur­
gery, University Hospital of Groningen, in De­
cember 1987 for diagnosis and treatment of per­
sistent pain in her left TMJ. Initially there had 
been occasional clicking, but never pain. Her 
major joint problems had started 3 months be­
fore, after she had yawned widely, when she 
heard a loud click and had felt a sharp pain in 
her left TMJ. Since that time, she noticed jaw 
locking, and had continuous pain, which was 
most severe during the night. In the morning, 
her left joint also felt stiff. Loading of the joint 
(eg, eating, talking) aggravated the problems. 
Physical examination showed tenderness on 
palpation of the left TMJ, slightly limited trans­
lation of the left condyle, and a minor deviation 
of the mandible to the left during opening of the 
mouth. Active mouth opening was 35 mm. The 
patient was partially edentulous, and was wear­
ing a partial upper denture in the upper j aw. 
Radiographic examination showed slight de­
generative changes of the left TMJ. The condyle 
showed an ill-defined cortical contour on the 
transcranial radiograph, and slight lipping on 
the transpharyngeal radiograph (Fig 1 ) .  Mag­
netic resonance imaging (MRI) showed an ante­
rior disc position in the left TMJ in the closed 
Figure 4. A. Sagittal CT scan of the left TMJ. A considerable amount of calcified material is present in the joint space. 
B. Coronal CT scan. Calcified material is seen in the joint space of the left TMJ. Note.normal appearance of the right TMJ. 
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mouth position. In the open mouth position, the 
disc remained anterior to the condyle, which 
had an adequate translation. The right TMJ was 
normal. 
Based on the clinical and radiographic find­
ings, an initial diagnosis of pain caused by 
capsulitis and anterior disc displacement with­
out reduction of the left TMJ was made. Treat­
ment consisted of physical therapy, which ap­
peared to diminish the patient's symptoms. 
However, in June 1988 the patient reported a 
sudden, dramatic increase in joint symptoms. 
These symptoms included severe pain in the left 
TMJ region, the temporal region, and the ear; 
preauricular swelling; trismus; and deviation of 
the mandible to the left on attempted opening of 
the mouth. The problems subsided after a week. 
In August 1988 the patient came to our de­
partment following another attack of acute joint 
symptoms. The attack included severe pain on 
the left side of her face and temporal region, 
preauricular swelling, a forced position of the 
mandible to the right, and fever. Physical exami­
nation showed a warm, elastic preauricular 
swelling 2.5 em in diameter (Fig 2) , extreme ten­
derness on palpation of the left TMJ, limited 
mouth opening ( 1 5  mm) , and a malocclusion. A 
diagnosis of acute arthritis of unknown origin 
was made and the patient received antibiotics, 
which rapidly diminished the pain and improved 
the joint mobility. 
Nevertheless, within 1 month, the patient suf­
fered another acute attack of TMJ pain and 
swelling during which the knees, the left elbow, 
and the right proximal interphalangeal joints 
were also swollen. The Department of Rheuma­
tology was consulted to rule out any possible 
systemic joint disease. Radiographic examina­
tion showed lysis of the mandibular condyle and 
the articular eminence (Fig 3) . Computed tomog­
raphy (CT), performed to exclude tumor forma­
tion, showed a considerable amount of calcified 
material in the joint space, as well as several 
degenerative changes in the left TMJ (Fig 4) . 
This suggested a disease such as synovial 
(osteo)chondromatosis, or a crystal deposition 
disease. 
In January 1989 the patient suffered three 
additional attacks of increasing severity. Be­
tween the attacks, which lasted approximately 5 
days, the pain was continuous. Therefore, a high 
condylectomy, synovectomy, and joint debride­
ment of the left TMJ were planned. The left TMJ 
was exposed through a preauricular-temporal 
incision. The joint capsule, which was swollen, 
was opened to expose the upper joint compart­
ment. The entire joint space appeared to be filled 
with granulation tissue and, in places, polypoid 
tissue, containing numerous nodules (Fig 5) . 
This nodular granulation tissue was found lying 
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free in the joint space, as well as attached to the 
joint surfaces. Most of the nodular granulation 
tissue was found lying anterior to the condyle, 
as noted on the CT scans. Remnants of the se­
verely degenerated articular disc were found 
anteromedially to the condyle. The surfaces of 
the condyle and the articular eminence were 
covered with the same nodular granulation tis­
sue. The synovial membrane of the retro- and 
anterodiscal tissue was lobulated, and appeared 
to contain several nodules. An extensive de­
bridement of the joint was performed. Subse­
quently the surface of the condyle was smooth­
ened. The wound was closed in layers. Postoper­
atively the patient reported a significant de­
crease in pain and increase in joint mobility. In 
February 1989, after five physical therapy treat­
ments, she had a mouth opening of 44 mm and 
no pain. The condyle had adequate translation, 
although there was a slight deviation to the left 
side during opening of the mouth. 
The specimens of nodular granulation tissue, 
which had been surgically excised, were placed 
immediately in a fixative containing 2 % para­
formaldehyde and 0.5% glutaraldehyde in a 0 . 1  
M phosphate buffer (pH 7.4) for several weeks. 
Subsequently, the specimens were dehydrated 
in a graded series of ethanol and embedded in 
paraffin. Sections were cut at a thickness of 7 
11m and stained with hematoxylin-eosin or tolu­
idine blue. Examination of the sections with 
transmitted light showed a dense fibrous tissue, 
which enclosed numerous nodules (Fig 6A) . 
These nodules contained cartilaginous material 
and many clusters of chondrocytes. Multi­
nucleated giant cells were frequently observed 
(Fig 7A), but an inflammatory infiltrate was ab­
sent. Characteristics of synovial membrane were 
not seen. Examination of the sections with po­
larized light showed crystals within the nodules 
(Figs 6B, 7B). The crystals were rod-shaped, and 
appeared in various formations, including a 
Figure 5. A. Surgically excised specimens showing nodular 
appearance of the granulation tissue. B. Contact radio­
graph of the surgically excised specimens. 
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Figure 6. A. Photomicrograph of section of granulation tissue. Dense fibrous tissue (FI') encloses cartilaginous nodules (CN), 
transmitted light (Hematoxylin-eosin stain, magnification x46). B. Photomicrograph of the same section, showing crystals in 
the cartilaginous nodules (arrows) , polarized light (Hematoxylin-eosin stain, magnification x46 ) . 
rosettelike formation. X-ray diffraction identi­
fied the crystals as CPPD, permitting a definitive 
diagnosis of CPPD crystal deposition disease to 
be made. 
The patient remained free of symptoms until 
December 1989 when she again suffered an at­
tack of pain and some swelling of the left TMJ. 
CT scans showed a recurrence of calcified mate­
rial in the joint space. In April 1990, after two 
more attacks, she was operated on a second 
time. The left TMJ was again exposed through a 
preauricular-temporal incision. The joint cap­
sule was notably thickened and contained nu­
merous nodules. Therefore, the entire capsule 
was excised. The joint space turned out to be 
filled again with granulation tissue containing 
numerous nodules and dense connective tissue. 
Resorption cavities in the condyle contained ma­
terial similar to the nodules enclosed in the 
granulation tissue. An extensive joint debride­
ment and condylar shave were performed and a 
flap of temporalis fascia was sutured in the 
fossa to separate the articular surfaces. The 
wound was closed in layers. Postoperatively the 
patient received physical therapy. In June 1990, 
she had a mouth opening of 42 mm and no 
pain. The condyle had adequate translation, al­
though there was still a slight deviation of the 
mandible to the left side during opening of the 
mouth. By February 1997, her joint problems 
had not recurred. 
DISCUSSION 
In this case, an initial diagnosis of anterior disc 
displacement without reduction and capsulitis 
was made based on the clinical and radiographic 
findings. Although the simultaneous occurrence 
of internal derangement and CPPD crystal depo­
sition disease may be a chance occurrence, it is 
quite conceivable that their causes are closely 
related. In CPPD crystal deposition disease of 
the TMJ, cartilage compliance and surface 
smoothness will be reduced. This could lead to 
initial disc "sticking" and eventual disc displace­
ment. In osteoarthritis of the TMJ, in which ini­
tially the cartilage is affected, the same concept 
is postulated to result in disc displacement.8•9 
MRI of the left TMJ, performed in December 
1987, showed a displaced disc, whereas no dif­
ferences in signal intensity of the articular carti­
lage were noted. This may be explained by the 
limited thickness of the articular cartilage of the 
TMJ. 
In September 1 988, after the patient had suf­
fered several attacks of arthritis, radiographic 
examination of the left TMJ showed extensive 
lysis of the condyle and articular eminence 
(Fig 3) .  Chronic destructive arthritis caused by 
CPPD crystal deposition disease has been asso­
ciated radiographically with cysts, bone frag­
mentation, osseous debris, osteophytes, and 
sclerosis. 3 CT scans of the left TMJ, performed in 
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Figure 7. A. Photomicrograph of section of granulation tissue. Several multinucleated giant cells (arrows) are seen, 
transmitted light (Toluidine blue stain, magnification x284). B. Photomicrograph of the same section, showing crystals in the 
multinucleated giant cells (arrow), polarized light (Toluidine blue stain, magnification x284). 
September 1 988, showed a considerable amount 
of calcified material in the joint space (Fig 4) . 
This material was cloudlike in appearance and 
simulated idiopathic synovial osteochondro­
matosis. Synovial osteochondromatosis is char 
acterized by metaplastic formation of multiple 
cartilaginous and osteocartilaginous nodules 
within the subintimal connective tissue of the 
synovial membrane and the joint cavity, the so­
called loose bodies or joint mice. 10• 1 1  The radio­
graphic findings depend on the amount of calci­
fication in the cartilaginous nodules. 
CPPD crystal deposition disease is notorious 
for its great ability to mimic other diseases. 
However, the mimicking ability of CPPD crystal 
deposition disease is not confined to its clinical 
and radiographic appearance; even histologic 
misdiagnoses may occur. Transmitted light mi­
croscopy may lead to a misdiagnosis of synovial 
(osteo)chondromatosis. However ,  polarized light 
microscopy will show crystalline structures. 
CPPD crystal deposition disease of the TMJ is 
rare, and only a few cases have been reported in 
literature. 12• 13  Nevertheless, especially in elderly 
patients with joint problems, the possibility of 
this disease should be considered. 
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CALCIUM PYROPHOSPHATE DIHYDRATE CRYSTAL DEPOSITION DISEASE 
- A review of the literature and a light and electron microscopic study of a case of -
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SUMMARY 
Objective. To evaluate the currently lrnown pathogenic pathways of calcium pyrophosphate dihydrate 
(CPPD) crystal deposition disease, and to study the light microscopic (LM) and electron microscopic 
(EM) characteristics of a case of the temporomandibular joint (TMJ) in search of new clues for its 
pathogenesis. 
Case report. A 53-year-old woman suffered several attacks of acute arthritis of her left TMJ. 
Computed tomography showed a considerable amount of calcified material in the joint space. During 
joint surgery, nodular granulation tissue was dissected, which was processed for LM and EM 
examination, for energy dispersive x-ray analysis, and x-ray diffraction analysis. LM examination of 
CPPD-containing material from the joint space showed cartilaginous nodules with various degrees of 
crystallization. EM examination showed numerous extra- as well as intracellular crystals and crystal­
shaped spaces in the chondrocytes. Other striking ultrastructural features of the chondrocytes 
included the presence of many mitochondria, frequently containing crystalline material, and the 
presence of highly dilated rough endoplasmic reticulum and large glycogen islands. 
Conclusions. Until now, the pathogenesis of CPPD crystal deposition disease is still unclear, but 
overproduction of extracellular pyrophosphate (PPi) is thought to play a key role. The presence of 
intramitochondrial crystals in this study may hypothetically imply a derangement in mitochondrial 
adenosine triphosphate or PPi metabolism. The fmding of intracellular CPPD crystals in chondrocytes 
points to the existence of an intracellular pathway of CPPD crystal formation in CPPD crystal 
deposition disease of the TMJ and possibly in CPPD crystal deposition disease in general. 
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INTRODUCTION 
Calcium pyrophosphate dihydrate (CPPD) crys­
tal deposition disease is characterized by the 
presence of CPPD crystals in intraarticular and 
to a lesser extent periarticular tissues. CPPD 
crystals are predominantly found in articular 
cartilage and meniscus, but also in synovial 
membrane, joint capsules, tendons, ligaments, 
and blood vessels. 1 •2 CPPD crystals appear to 
have a preference for fibrocartilage rather than 
hyaline cartilage. In fibrocartilage the crystal 
deposits are diffusely distributed. In hyaline car­
tilage the crystal deposits are found in the 
midzonal or superficial areas, arranged in well­
outlined, various-sized crystal aggregates. 1 •3•4 
The cartilage matrix may show several degenera­
tive changes, including collagen fibril fragmenta­
tion, fibrillation, and reduced proteoglycan con­
tent, whereas the number of chondrocytes may 
be reduced.4•5 In areas of initial formation of 
CPPD crystals, hypertrophic chondrocytes have 
been shown to contain abnormally abundant 
intracellular proteoglycans.6•7 Chondrocytes, at 
the ultrastructural level, may show several other 
degenerative changes, including poorly identifi­
able mitochondria and Golgi complexes, 
intracytoplasmic lipid droplets, large glycogen 
islands, and disrupted cell membranes.8-12 
The pathogenesis of CPPD crystal deposition 
disease is still unclear. CPPD crystal formation 
may result from the presence or exposure of nu­
cleating agents, the absence or removal of inhib­
itors, elevations in the concentrations of precipi­
tating ions (calcium and inorganic pyrophospha­
te [PPi)), or from combinations of these factors. 13 
Crystal nucleation may be predisposed to by 
matrix changes such as collagen fibril fragmen­
tation and changed content and composition of 
glycosaminoglycans of proteoglycans.4•5 This 
may also explain the frequent finding of crystals 
in osteoarthritic joints, in which similar matrix 
changes are found. 14 The effect of removal of in­
hibitors is illustrated in aging hyaline articular 
cartilage, in which CPPD crystal deposition is 
facilitated due to an increased keratan sul­
phate/chondroitin sulphate ratio, keratan sul­
phate being a less potent inhibitor of CPPD for-
126 
mation than chondroitin sulphate. 15 
The role of calcium in CPPD crystal deposition 
disease has received relatively little attention. 
However, several diseases resulting in hyper­
calcemia have been associated with CPPD crys­
tal deposition disease. 1 
The role of PPi in CPPD crystal deposition dis­
ease has been the focus of much research. 
Intracellular PPi is produced in many reactions, 
including the biosynthesis of macromolecules, 
various metabolic activations, and the direct 
hydrolysis of nucleotide triphosphates. The ma­
jor biological source of PPi probably is the 
pyrophosphorylysis of nucleotide triphosphates 
during biosynthesis of both cell constituents 
and of matrix-destined molecules. 16· 17 In normal 
cells, PPi in the cytosol, which is the soluble 
part of the cytoplasm, is further hydrolyzed to 
orthophosphate by neutral inorganic pyrophos­
phatases. In chondrocytes from chondrocal­
cinotic cartilage, however, significantly higher 
intracellular PPi levels were found than in 
chondrocytes from normal or osteoarthritic car­
tilage. 18 The concentration of synovial fluid PPi is 
raised in patients with CPPD crystal deposition 
disease. 13· 16· 19 However, the concentration of 
plasma PPi is similar to normal control subjects, 
implying a local origin of synovial fluid PPi. 1 The 
chondrocytes were assumed to be the source of 
the raised concentration of synovial fluid PPi, 
because CPPD crystals are first seen adj acent to 
these cells. This assumption was subsequently 
supported by in vitro studies, in which articular 
cartilage was shown to produce extracellular 
PPi, whereas synovium, subchondral bone, and 
nonarticular cartilage did not. 20-22 Transforming 
growth factor-B 1  (TGF-B 1) has been shown to 
stimulate extracellular PPi production,22 insulin­
like growth factor 1 (IGF- 1)  inhibits this effect.23 
Extracts of cartilage of patients with CPPD crys­
tal deposition disease generated more extra­
cellular PPi from added adenosine triphosphate 
(ATP) than extracts of cartilage of patients with 
osteoarthritis or control subjects.24 Because PPi 
probably can not pass cell membranes, and 
crystal formation has been seen extracellularly, 
subsequent research has focused on extracellu­
lar PPi-generating activities of chondrocytes, 
such as ecto-enzymes, cell leakage of PPi or suit­
able substrate for these ecto-enzymes, and co­
production and release with synthetic prod­
ucts. 16' 17'25'26 An ecto-enzyme, nucleotide triphos­
phate pyrophosphohydrolase (NTPPPH) , has 
been identified in cultures of normal canine car­
tilage that generated PPi from added ATP.25 
NTPPPH is found both in cell membranes and in 
matrix vesicles.27·28 Synovial fluid levels of both 
NTPPPH and ATP, a potential substrate for 
NTPPPH, are raised in patients with CPPD crys­
tal deposition disease. 19·26·29 Articular cartilage 
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vesicles, resembling matrix vesicles, have been 
shown to be capable of generating CPPD crystals 
from added ATP in uitro.28·30 Articular cartilage 
has been shown to mineralize in the presence of 
ATP in a manner similar to that found with ar­
ticular cartilage vesicles. Consequently, articular 
cartilage vesicles have been attributed a role in 
both CPPD as well as basic calcium phosphate 
crystal deposition.27 
To explore the possibility of co-production and 
release of PPi with synthetic products as an 
extracellular PPi-generating activity, PPi-produc­
ing biosyntheses prominent in or peculiar to 
chondrocytes, which occur in cell compartments 
isolated from the pyrophosphatases in the cyto­
sol, were studied. Because hypertrophic chon­
drocytes have been demonstrated to contain 
abundant intracellular proteoglycans,7 bio­
synthesis of sulphated glycosaminoglycans, 
which comprise a major component of proteogly­
cans, was studied. However, sulphated glycos­
aminoglycan synthesis, occurring in the Golgi 
complex and producing PPi, has been shown to 
be dissociated of extracellular PPi elaboration in 
vitro.31 Nevertheless, further study is needed of 
PPi-producing biosyntheses of other macromole­
cules, eg, type I collagen, which has also been 
demonstrated to be present in hypertrophic 
chondrocytes.32 
Although much research has been done, the 
pathogenesis of CPPD crystal deposition disease 
has still not been elucidated. The aim of this 
study was to study the light and electron micro­
scopic appearances of a case of CPPD crystal 
deposition disease of the temporomandibular 
joint (TMJ) , in search of new clues for its 
pathogenesis. 
CASE REPORT 
A 53-year-old Caucasian woman was referred 
to the Department of Oral and Maxillofacial Sur­
gery, University Hospital of Groningen, for diag­
nosis and treatment of persistent pain in her left 
TMJ. After an initial period of occasional click­
ing, the patient also suffered from joint locking. 
Physical examination showed tenderness of the 
left TMJ, slightly limited translation of the left 
mandibular condyle, and minor deviation of the 
mandible to the left side during mouth opening. 
Radiographic examination showed only slight 
degenerative changes of the left TMJ. Magnetic 
resonance imaging (MRI) showed an anterior 
articular disc position in the left TMJ in both the 
open and the closed mouth position. Based on 
clinical, radiographic, and MRI findings, a diag­
nosis was made of anterior disc displacement 
without reduction and capsulitis. Treatment 
consisted of physical therapy. However, over the 
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next year, the patient suffered several attacks of 
acute arthritis of the left TMJ, which were char­
acterized by severe pain, preauricular swelling, 
limited mouth opening, and malocclusion. 
Sometimes the knees, the left elbow, and the 
right proximal interphalangeal joints were also 
swollen. Radiographic examination of the left 
TMJ, 9 months after her first consultation, 
showed extensive lysis of the mandibular condy­
le and the articular eminence. Radiographic ex­
amination of the knees, arms, and hands show­
ed no abnormalities. Computed tomography (CT) 
of the left TMJ, performed to exclude tumor for­
mation, showed a considerable amount of calci­
fied material in the joint space (Fig 1 ) .  The differ­
ential diagnosis included synovial osteochon­
dromatosis and a crystal deposition disease. A 
condylectomy, synovectomy, and joint debride­
ment were planned. 
During surgery the entire joint space of the 
left TMJ appeared to be filled with granulation 
tissue, containing numerous nodules. These 
nodules varied in size, and felt firm and granu­
lar. The nodular granulation tissue was at­
tached to the joint surfaces, as well as lying free 
in the joint space. Most of this tissue was lying 
anterior to the condyle. Underneath the at­
tached nodular granulation tissue at the articu­
lar surfaces, resorption cavities in the condyle 
and eminence appeared to contain the same 
nodular material as was seen encapsulated in 
the granulation tissue. Smooth, normal looking 
articular cartilage was hardly available at the 
articular surfaces. Remnants of the articular 
disc were found anteromedial to the condyle. An 
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extensive joint debridement and condylar shave 
were performed. Postoperatively the patient re­
ported a significant decrease in pain, whereas 
joint mobility had increased. 
The dissected nodular granulation tissue was 
transferred immediately into a fixative contain­
ing 2 %  paraformaldehyde and 0.5 % glutaralde­
hyde in a 0 . 1  M phosphate buffer (pH 7 .4) .  After 
a fixation period of several weeks, one part of the 
tissue was processed for light microscopic (LM) 
examination, one part was processed for elec­
tron microscopic (EM) examination and energy 
dispersive x-ray analysis (EDAX), and one part 
was used for x-ray diffraction analysis of the 
calcified portion of the dissected tissue. The LM 
specimens were dehydrated in a graded series of 
ethanol and embedded in paraffin. Sections 7 
jlm thick were cut on a rotation microtome and 
stained with hematoxylin-eosin or toluidine 
blue. 
The EM specimens were postfixed in a 1 % 
osmium tetroxide solution, dehydrated in a 
graded series of ethanol and propylene oxide, 
and embedded in Polybed 8 1 2  (PolyScience Inc . ,  
Warrington,  PA, USA) . Semithin sections 1 jlm 
thick were cut with a glass knife on a Reichert 
OMU4 ultratome (Reichert Scientific Instru­
ments, Wien, Austria) and stained with toluidine 
blue for orientation and identification of the ar­
eas of interest. Subsequently, ultrathin sections 
40-60 nm thick were cut with a diamond knife 
and mounted on copper grids. The sections were 
stained with uranyl acetate and lead citrate. 
LM examination of the sections showed many 
cartilaginous nodules encapsulated by dense 
Figure 1. A. Axial CT scan. A considerable amount of calcified material (arrows) is present around the left mandibular condyle 
(C). B. Sagittal CT scan of the left TMJ. A considerable amount of calcified material is situated anterior to the mandibular 
condyle, a smaller amount posterior to the condyle. Both the upper and lower joint compartments seem to be affected. Note 
the irregularities of the articular surfaces (arrows) . 
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Figure 2. LM section of nodular granulation tissue. Various-sized cartilaginous nodules (CN), containing many crystals, are 
encapsulated by dense fibrous tissue (FT) , polarized light (Toluidine blue stain, magnification x16). 
Figure 3. LM section of cartilaginous nodule with initial crystal formation, showing many clusters of chondrocytes and small 
crystal deposits in the cartilage matrix, transmitted light (Toluidine blue stain, magnification x64). 
Figure 4. LM section of cartilaginous nodule with intermediate crystal formation, showing many irregularly shaped 
chondrocytes with intracellular crystals (arrows),  polarized light (Toluidine blue stain, magnification x128) . 
Figure 5. LM section of cartilaginous nodule with intermediate crystal formation, showing multinucleated giant cells at the 
periphery of the nodule with intracellular crystals (arrows) , polarized light (Toluidine blue stain, magnification x64). 
fibrous tissue (Fig 2) .  The cartilaginous nodules 
varied in size, and showed various amounts of 
crystals within the cartilage matrix. The degree 
of crystal formation varied from initial crystal 
formation in areas where many (clusters of) 
chondrocytes and small crystal deposits in the 
cartilage matrix were seen (Fig 3) , to extensive 
crystal formation in areas where the entire carti­
lage matrix was packed with crystals and only 
few (remnants) of chondrocytes were seen. 
Intracellular crystals could frequently be seen in 
the chondrocytes (Fig 4) . At the periphery of the 
crystal deposits, multinucleated giant cells with 
intracellular crystals were occasionally seen (Fig 
5) . The encapsulating fibrous tissue contained 
abundant collagen and had a cellular-rich ap-
pearance. Blood vessels were occasionally seen. 
An inflammatory infiltrate was absent. Charac­
teristics of synovial membrane were not seen. 
EM examination showed chondrocytes embed­
ded in a fibrous matrix with numerous extra- as 
well as intracellular empty spaces from which 
crystals had been dislodged during processing 
(Fig 6) .  Clustering of chondrocytes was fre­
quently seen. Occasionally nucleoli, indicating 
an increase in protein synthesis,33 were found. A 
nuclear fibrous lamina was often seen between 
the inner membrane of the nuclear envelope and 
the marginal condensates of heterochromatin. 
Mitochondria were numerous in the chondro­
cytes, and were often seen in the vicinity of 
intracellular crystal-shaped spaces (Figs 7 - 12). 
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Figure 6. Electron micrograph of two chondrocytes embedded in fibrous matrix with numerous crystal-shaped spaces (C). 
Note several intracellular crystal-shaped spaces (arrows) (Magnification x4,076). 
Figure 7. Electron micrograph of several mitochondria with poorly defined mitochondrial cristae (Magnification x7 1 ,020). 
Figure 8. Electron micrograph of mitochondria containing electron-dense structures, suggestive of early CPPD crystal 
formation (Magnification x7 1 ,020). 
These mitochondria often had poorly defined 
cristae and contained amorphous, granular ma­
terial of medium electron-density (Fig 7) . Fre 
quently, electron-dense structures were seen in 
often hypertrophic mitochondria, suggestive of 
early CPPD crystal formation (Figs 8, 10 , 1 1 ) .  
The more crystal-shaped spaces were present in 
the chondrocytes, the more poorly defined were 
the mitochondrial cristae and the more electron­
dense structures appeared inside the mitochon­
dria. Especially in chondrocytes packed with 
crystal-shaped spaces, degenerated mitochon­
dria appeared to be filled with crystalline mate­
rial from which parts had been dislodged or with 
only remnants of electron-dense crystalline ma­
terial (Fig 12) .  
The rough endoplasmic reticulum (RER) of the 
chondrocytes was usually well-developed, al­
though often showing signs of disorganization. 
In most chondrocytes with intracellular crystal­
shaped spaces, the cisternae were quite dilated 
and contained granular material, indicating 
storage of proteinaceous secretory products 
(Figs 9, 12 ) .  33 Occasionally the characteristic 
ribosome lining of the cisternae was lost, the so­
called degranulation of the RER, probably re­
sulting in impaired protein synthesis (Fig 128) .33 
The Golgi complex was well-developed in most 
chondrocytes with intracellular crystal-shaped 
spaces and many Golgi-derived vesicles were 
seen. Few electron-dense lysosome-like bodies 
and lipid droplets were found. Intracytoplasmic 
filaments were numerous, especially in chon­
drocytes with intracellular crystal-shaped spac­
es (Fig 1 2) .  The presence of a nuclear fibrous 
lamina, lipid droplets and intracytoplasmic fila­
ments can be considered as nonspecific ultra­
structural characteristics of affected chon­
drocytes.33 Large amounts of electron-dense gly­
cogen particles, indicating a decreased metabolic 
activity,33 were seen (Fig 9) .  Glycogen was usu­
ally found in chondrocytes with many intra­
cellular crystal-shaped spaces, although in some 
cells that were packed with these spaces only 
few glycogen particles could be seen. 
Micropinocytotic vesicles, indicating endocytotic 
activity,33 were frequently seen. Disrupted cell 
membranes, indicating cell necrosis, were only 
rarely seen. 
A territorial matrix around the chondrocytes 
could often not be discerned. The matrix was 
fibrous, containing fine filaments. Matrix vesi­
cles were not seen. 
Crystals were found both in chondrocytes as 
well as in the cartilage matrix (Figs 13 ,  1 4) .  The 
crystals varied considerably in size (0.06-0.3 JJm 
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Figure 9. Electron micrograph of chondrocyte with several intracellular crystal-shaped spaces (C). Note remnants of dislodged 
crystals (arrow), nuclear fibrous lamina (arrowhead), mitochondria (M) with poorly defined cristae containing granular 
material, dilated RER (RER). few lipid droplets (L), large amounts of glycogen particles (GP). and many pinocytotic vesicles (PV) 
(Magnification x28,408). 
Figure 10. Electron micrograph of hypertrophic mitochondrion containing electron-dense structures, suggestive of early CPPD 
crystal formation (Magnification x7 1 ,020). 
Figure 1 1. Electron micrograph of mitochondria containing partially dislodged electron-dense structures, suggestive of CPPD 
crystal formation (Magnification x7 1 ,020). 
in diameter) , and were rod-shaped or rhomboid­
al in shape. Crystal fractures were frequently 
seen. Occasionally a foamy appearance due to 
sublimation by the electron beam was noted. 
EDAX of both intra- and extracellular crystals in 
nonosmicated unstained sections showed cal­
cium and phosphorous peaks (Fig 1 5) .  The cal­
cium : phosphorus ratio was 1 : 0.84 ± 0 .05 (n = 
4) , which is close to the calcium : phosphorus 
ratio of CPPD. X-ray diffraction identified the 
crystals as calcium pyrophosphate dihydrate, 
permitting a definitive diagnosis of CPPD crystal 
deposition disease to be made. 
In patients with CPPD crystal deposition dis­
ease with early onset of arthritis (under 55 years 
of age) , usually with acute attacks, involving 
several joints, predisposing metabolic conditions 
should be suspected.34·35 In this patient, labora­
tory screening (including routine hematological 
studies, serum values of calcium, phosphate, 
alkaline phosphatase, uric acid, magnesium, 
ferritin, and liver and thyroid functions) did not 
show any predisposing metabolic condition. 
DISCUSSION 
Numerous intracellular CPPD crystals and 
crystal-shaped spaces have been found in the 
chondrocytes in this study of CPPD crystal de­
position disease of the TMJ. To the best of our 
knowledge, this is the first study demonstrating 
intracellular CPPD crystals, especially in such 
strikingly large amounts. Occasional intracellu­
lar crystals in chondrocytes have been reported 
before,36·37 but these have been discarded as 
been phagocytosed. 1 In our opinion the numer­
ous intracellular crystals found in this study 
have been formed intracellularly, because chon­
drocytes only have limited phagocytic potential. 
Moreover, the crystals in this study were lying 
free in the cytoplasm and inside the mitochon­
dria, but not in phagosomes as is seen in 
synovial lining cells with phagocytosed crys­
tals.38·39 Further, microscopic evidence of phago­
cytosis by chondrocytes of CPPD crystals has 
not been found in this study nor in any other 
microscopic study. 
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Figure 12. A. Electron micrograph of chondrocyte packed with crystal-shaped spaces (C). Note the presence of many 
mitochondria (M). dilated RER (RER) , numerous intracytoplasmic filaments, and many short cell processes (arrows) 
(Magnification x20,736). B. Detail of other part of chondrocyte shown in A, showing both holes and remnants of dislodged 
crystalline material (arrows) in mitochondria. Note lost ribosome lining (arrowheads) of dilated RER (Magnification x3 1 ,08 1) .  
C. Detail of other part of chondrocyte shown in A, showing crystalline material, from which parts have been dislodged (arrows), 
in mitochondria (Magnification x3 1 ,081 ) .  
In normal cells intracellular and intramito­
chondrial CPPD formation is militated against 
by the presence of inorganic pyrophosphatases 
in the cytosol and, to a lesser extent, in the mi­
tochondrial matrix.40 Mitochondrial inorganic 
pyrophosphatase is needed for the preservation 
of mitochondrial DNA and protein synthesis.41 In 
this study, electron -dense crystalline material 
suggestive of initial CPPD formation has been 
found in mitochondria of chondrocytes. Unfortu­
nately, this crystalline material could not be an­
alyzed by EDAX because of the small size and 
the difficulty of distinguishing cell structures in 
nonosmicated unstained sections required for 
EDAX. However, mitochondrial crystal formation 
has been reported earlier, eg, in osteogenesis 
imperfects and in calcifying pulp tissue, al­
though in these cases hydroxyapatite was de­
posited.42·43 In mitochondria, several major met­
abolic reactions are carried out in the generation 
of ATP, including the conversion of pyruvate into 
acetyl CoA, the citric acid cycle, the oxidative 
phosphorylation, and the fatty acid oxidation.44 
Fatty acids are, prior to entry in the mitochon­
drial matrix, activated on the mitochondrial 
membrane through reaction with ATP, releasing 
PPi.44 Moreover, although PPi probably can not 
passively pass cell membranes, the mitochon­
drial membrane has an active transport system 
for PPi.45 Further, at least in heart muscle cells, 
PPi is capable of stimulating release of calcium 
from mitochondrial stores.45 Consequently, the 
presence of CPPD crystals in mitochondria may 
imply a derangement in mitochondrial ATP or 
PPi metabolism, resulting in high intramito­
chondrial PPi levels. 
Ishikawa et al7 and Ohira and Ishikawa46 
demonstrated the presence of electron-dense 
amorphous material in hypertrophic chon­
drocytes and, through leakage from disrupted 
cell membranes, in the extracellular matrix. A 
high PPi concentration was suggested to be 
present in this electron-dense amorphous mate­
rial, which contained proteoglycans and debris 
of cellular components.7 It is conceivable that 
the electron-dense amorphous material demon­
strated by Ishikawa and Ohira, which resembles 
the electron-dense material found in mitochon­
dria in this study, contains (contents of) degen­
erated mitochondria. 
Besides intramitochondrial PPi, intramito­
chondrial calcium is needed for intramitochon­
drial CPPD formation. Intracellular accumula­
tion of calcium has been demonstrated in hyper-
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Figure 13. Electron micrograph of chondrocyte with intracellular crystals lying free in the cytoplasm (Magnification xl30,643). 
Figure 14. Electron micrograph of cartilage matrix packed with crystals (Magnification x7, 142) . 
trophic chondrocytes surrounding CPPD crys­
tals. Calcium was located especially within 
electron-dense amorphous material and on the 
margins of intracellular lipid droplets.46 No evi 
dence of calcium was found in mitochondria, 
however, this was reported of hypertrophic 
chondrocytes not surrounding CPPD crystals. In 
mammalian mitochondria in general, calcium 
inhibits inorganic pyrophosphatase through 
binding with the substrate PPi. At least in yeast 
mitochondria, it is suggested that calcium has a 
physiologic role in the metabolic control of mito­
chondria.41  If calcium has a similar role in mito­
chondria in chondrocytes, the presence of intra­
mitochondrial CPPD crystals may be an addi­
tional indication of a deranged mitochondrial 
metabolism in CPPD crystal deposition disease. 
Figure 15. X-ray energy spectrum, showing calcium and 
phosphorous peaks. P = phosphorus, Cl = chlorine, Ca = 
calcium. 
An excessive increase in intracellular calcium 
will result in cell necrosis. It might be argued 
that the intracellular CPPD crystals found in 
this study were formed after cell degeneration 
and subsequent cell necrosis had occurred. 
However, most chondrocytes containing CPPD 
crystals had electron microscopic characteristics 
of cell vitality and cell activity, including well­
developed Golgi complexes and micropinocytotic 
vesicles, whereas disrupted cell membranes 
were only rarely seen. 
Elevated levels of PPi and calcium are not the 
single most important determinants in CPPD 
formation; other factors stimulating or inhibiting 
crystal nucleation, growth and dissolution 
should also be considered. 19 In general, the solu­
bility product of calcium and PPi favors nucle­
ation of CPPD crystals under selective condi­
tions, preferentially in gels.47.48 In model sys­
tems, native type I collagen fibers can nucleate 
CPPD crystal formation. 49 This may explain the 
preference of CPPD crystal deposition disease for 
fibrocartilage such as TMJ articular cartilage, 
which predominantly contains type I collagen.50 
In contrast, in an EM study of CPPD crystal de­
posits in patient material Pritzker found no as­
sociation with collagen. 12 The majority of CPPD 
deposits found had replaced the chondrocyte 
and adjacent pericellular matrix, and obliterated 
the chondrocytes, in our opinion possibly sug­
gesting intracellular crystal deposition whether 
before of after cell necrosis and cell membrane 
disruption. If the possibility of intracellular 
CPPD formation is confirmed, further research is 
needed of factors stimulating and inhibiting 
intracellular CPPD nucleation. 
Finally, considering the heterogeneous clinical 
character of CPPD crystal deposition disease, 
various pathogenic pathways may exist in vari-
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ous patients with CPPD crystal deposition dis­
ease, with different predominating factors stimu­
lating or inhibiting crystal formation. In our 
opinion the finding of intracellular CPPD crys­
tals in this study points to the existence of an 
intracellular pathway of CPPD crystal formation. 
The cartilaginous nodules examined in this 
study have been dissected from the joint space, 
where they were encapsulated by granulation 
tissue. In most studies of CPPD crystal deposi­
tion disease, biopsies were taken directly from 
the cartilage. Nevertheless, in our opinion, the 
cartilaginous fragments examined in this study 
originally derived from the articular cartilage, as 
evidenced by the presence of the same nodular 
material on the surfaces of the condyle and ar­
ticular eminence as was seen encapsulated by 
the granulation tissue. Probably, CPPD crystals 
were initially deposited in the articular cartilage 
of the condyle and articular eminence. Due to 
loss of cartilage integrity and to subsequently 
reduced surface smoothness and cartilage com­
pliance,51 cartilage fractures might have oc­
curred and cartilage fragments might have be­
come liberated into the joint space, where they 
were encapsulated by proliferating synovial tis­
sue. Articular disc tissue might also be involved 
in this process. Since CPPD crystal deposition 
disease has a preference for fibrocartilage rather 
than hyaline cartilage, this may explain the 
large tumorlike amounts of calcified tissue 
found in CPPD crystal deposition disease of the 
TMJ in this and other studies. 52-60 Unfortu­
nately, disc tissue could not be discerned in this 
study, because due to the severe degeneration 
remnants of disc tissue were hardly distinguish­
able from the nodular granulation tissue. 
The intracellular CPPD crystals in chondro­
cytes described in this study and the conse­
quent discussion are based on the findings in 
TMJ fibrocartilaginous material from only one 
patient. Because CPPD crystal deposition dis­
ease of the TMJ is very rare, it is unrealistic to 
wait for studies of larger numbers of patients. 
The finding of intracellular CPPD crystals in 
chondrocytes in this single patient study points 
to the existence of an intracellular pathway of 
CPPD crystal formation in CPPD crystal deposi­
tion disease of the TMJ and possibly in CPPD 
crystal deposition disease in general. 
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CHAPTER 1 5  
GENERAL DISCUSSION 
PATHOGENESIS OF TEMPOROMANDIBULAR 
JOINT OSTEOARTHRITIS 
Temporomandibular joint (TMJ) disorders are 
generally characterized by pain, functional im­
pairment, and joint sounds. Prior to the develop­
ment of arthroscopy, articular disc displacement 
was considered the primary etiologic factor in 
TMJ disorders on the basis of arthrographic 
findings in symptomatic TMJs. 1 •2 However, more 
recently arthrographic and magnetic resonance 
imaging studies showed disc displacement in 
normal asymptomatic TMJs.3-6 In several au­
topsy studies/"10 disc displacement was also 
often found, but because of the high mean age of 
the individuals from whom the TMJs were ob­
tained, a causative relationship with age could 
not be excluded. Therefore, aim # 1  of this the­
sis was to perform three-dimensional visualiza­
tion of cadaveric TMJs obtained from individuals 
with a relatively low mean age, to study normal 
and abnormal TMJ anatomy with respect to disc 
position and configuration. In this autopsy 
study, 1 1  in which 20 three-dimensional com­
puter reconstructions were made of the TMJs, 
one third of these joints showed an abnormal 
disc position. This supported the then increas­
ing awareness that disc displacement may be a 
frequently occurring phenomenon, the onset of 
which does not inevitably evoke painful TMJ 
symptoms. Currently, a plethora of evidence has 
accumulated to prove that disc displacement 
can not be considered the sole predominant pri­
mary etiologic factor in TMJ disorders. 12-14 Al­
though Boering in his clinical and radiographic­
a! study15 and de Bont in his light and electron 
microscopic study16 already reported the pres­
ence of osteoarthrotic changes in affected TMJs, 
whether or not related to disc displacement, it 
took the development of arthroscopy, during 
which the degeneration of the articular cartilage 
was directly visualized, before the importance of 
degenerative processes in TMJ disorders was 
more generally accepted. 17" 19 
Aim #2 of this thesis was to draw an outline 
of normal physiologic processes and participat­
ing factors in normal TMJs, as well as of the 
osteoarthritic processes and participating fac­
tors in affected TMJs, based on knowledge of 
structure, biochemistry, and metabolism of nor­
mal and osteoarthritic cartilage of other synovial 
joints, and to develop a classification of TMJ 
osteoarthritis (OA). Chondrocytes appeared to 
have the capacity to synthesize as well as de-
grade all components of their extracellular ma­
trix (ECM) . In normal articular cartilage tum­
over, chondrocytes produce precisely regulated 
amounts of proteases and protease inhibitors 
stimulated by balanced levels of cytokines and 
growth factors. 19 OA results from an imbalance 
between the predominantly chondrocyte-con­
trolled anabolic and catabolic processes, that is 
characterized by progressive degradation of com­
ponents of the ECM of the articular cartilage.20 
OA has been classified in four stages, including 
the initial and repair stage, the early, intermedi­
ate, and late stage. Of each stage, the 
histologic/electron microscopic, the biochemical, 
arthroscopic and clinical features have been de­
scribed. In the initial and repair stage, the 
osteoarthritic process remains subclinical, and 
arthroscopic pathologic changes would probably 
not be detectable. From the early stage onwards, 
however, cartilage degeneration is found arthro­
scopically. 
Angiogenesis of the articular cartilage of the 
articular eminence is a further significant ar­
throscopic finding in osteoarthritic TMJs. The 
presence of new blood vessels in the normally 
avascular articular cartilage has been related to 
various osteoarthritic joint changes, including 
remodeling, osteophyte formation, and sclerosis 
of the subchondral bone, causing cartilage thin­
ning, and endothelial cell stimulating angiogene­
sis factor (ESAF) has been implicated in these 
processes.21 Aim #3 of this thesis was to inves­
tigate the presence of ESAF in synovial fluid la­
vages of osteoarthritic TMJs to study the possi­
ble role of angiogenesis in the osteoarthritic pro­
cess. This pilot study of the presence of E SAF in 
synovial fluid lavages from osteoarthritic TMJs, 
however, did not yield the expected results.22 
Unfortunately, the ESAF estimation that was 
based on procollagenase activation resulted in 
false positive findings, probably because of the 
plasticizer that had leached from the plastic 
containers into the lavage fluid and that had a 
confounding effect on this TMJ synovial fluid 
analysis. Until now, TMJ synovial fluid analysis 
has been seriously hindered by the necessary 
use of lavage fluid to obtain TMJ synovial fluid 
samples. Lavage of the TMJ will result in an un­
known dilution factor, while still no conclusive 
method has been developed to determine this 
factor. Other problems with TMJ synovial fluid 
analysis frequently include the lack of controls, 
whereas it should be confirmed that the samples 
contain synovial fluid at all and that possibly 
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positive results are not just caused by contami­
nation of the lavages with blood, which may also 
contain the investigated factors. Furthermore, it 
may be possible that due to the lavage proce­
dure itself certain factors may become dislodged 
from the articular tissues resulting in an in­
creased factor concentration. A new confounding 
factor in TMJ synovial fluid analysis has been 
elucidated in this study of the presence of ESAF, 
and involves the possible impact of factors pres­
ent in the lavage fluid that are not originally 
present in the synovial fluid. 
SYNOVIAL MEMBRANE OF THE TEMPORO­
MANDIBULAR JOINT IN HEALTH AND DIS­
EASE 
The role and affection of the synovial membrane 
in the osteoarthritic process were not fully ap­
preciated until the development of arthroscopy. 
Aim #4 of this thesis was to draw an outline of 
the normal TMJ synovial membrane structure, 
as well as of the function, biochemistry, and 
metabolism, based on knowledge of structure, 
function, biochemistry, and metabolism of nor­
mal synovial membrane in other synovial joints. 
Synovial membrane appeared to consist of two 
layers: the synovial intima, a lining cell layer 
consisting of type A (macrophage-like) and type 
B (fibroblast-like) synovial intima cells.23 The 
synovial membrane fulfills several functions in 
maintaining normal j oint physiology and joint 
function, including the provision and preserva­
tion of a nonadherent, low-friction surface of a 
deformable packing that enables a full range of 
motions, production of synovial fluid compo­
nents, and the provision of nutrients for the 
chondrocytes and elimination of their waste 
products and ECM debris.24 The synovial intima 
cells have the capacity to synthesize as well as 
degrade all components of their ECM, including 
hyaluronic acid, proteoglycans, collagen and 
structural glycoproteins. 
Aim #5 of this thesis was to investigate the 
arthroscopic, light microscopic, and electron 
microscopic characteristics of synovial mem­
brane in osteoarthritic TMJs to study the possi­
ble involvement of this synovial membrane in 
the osteoarthritic process, and to investigate the 
correlation between arthroscopically observed 
changes and light microscopic findings. Arthro­
scopic investigation of osteoarthritic TMJs show­
ed that retrodiscal tissue hypervascularity, re­
dundancy, adhesions, and a heightened attach­
ment to the posterior wall of the glenoid fossa 
were some of the most characteristic findings in 
osteoarthritic TMJs, in addition to cartilage de­
generation of the articular eminence.25 The find­
ings suggested that TMJ OA is characterized 
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arthroscopically by an early proliferative phase, 
with proliferation of vascular patterns and tissue 
redundancy, and a late adhesive, fibrotic phase, 
with adhesion formation, reduced recesses, and 
limited disc mobility. Light and electron micro­
scopic investigation of synovial membrane biop­
sies obtained in affected joints illuminated a 
prominent role of this tissue in at least the per­
petuation of OA. 26-28 Synovial membrane involve­
ment in the osteoarthritic process has been clas­
sified in four stages similar to the ones de­
scribed in osteoarthritic cartilage, although 
these of course do not necessarily have to run 
parallel or synchronous. OA of the TMJ is char­
acterized microscopically by synovial intima hy­
perplasia and cell hypertrophy, and subsequent 
deposition of fibrous material in the intima ma­
trix. The intima cell hyperplasia and cell hyper­
trophy may result in an increased vascularity to 
meet the increased metabolic needs of the in­
tima cells. The fibrous intima matrix may subse­
quently result in adhesion formation with op­
posing or adjacent articular surfaces, and ulti­
mately in limited joint recesses and conse­
quently limitation of joint movement. Eventually, 
light microscopic fibrosis of the subintimal tis­
sue may occur in combination with degeneration 
and subsequent normalization of the synovial 
intima cell layer. Overall, fibrosis was the most 
characteristic feature of synovial membranes of 
osteoarthritic TMJs. In conclusion, the involve­
ment of the synovial membrane in OA of the 
TMJ was characterized by an early proliferative 
phase and a late fibrous phase. It appeared that 
the intense and prolonged fibrous phase may 
not be a normal appropriate response to an ini­
tial insult but rather an aberrant counterpro­
ductive response. Limitation of joint mobility, 
the presence of a fibrous intima matrix, and fi­
brosis of the subsynovial tissue will probably 
impair the diffusion of chondrocyte nutrients 
from the subintimal blood vessels via the synovi­
al fluid to the chondrocytes and therefore may 
cause a further deterioration of the osteoarthrit­
ic process. Finally, no correlation could be es­
tablished between arthroscopically observed ar­
ticular cartilage degeneration and microscopic 
indications of increased intima cellular re­
sponse. This may be explained by the presence 
of a burnt-out stage of osteoarthritis in several 
TMJs, in which arthroscopically cartilage degen­
eration was observed, whereas no indications of 
increased synovial cellular activity were found. 
The synovial membrane involvement in the 
osteoarthritic process, leading from the light 
microscopically observed deposition of fibrous 
material to the presence of fibrosis, adhesion 
formation, and to a probable limitation of joint 
mobility, may have an impact on the treatment 
of TMJ OA. Most of all, it underlines the impor-
General discussion 
tance of maintaining the full range of motions 
during the disease process possibly under phys­
ical therapeutical supervision, as well as the 
importance of immediate postoperative physical 
therapy following TMJ surgery to preserve a pos­
sible improvement of joint mobility and to pre­
vent additional adhesion formation and tissue 
fibrosis.29 Furthermore, if future research would 
elucidate the mechanisms of adhesion formation 
and tissue fibrosis, this would offer an opportu­
nity for truly interventive treatment of TMJ OA 
that could result in a significantly better end­
stage of the disease. 
OSTEOARTHRITIS AND CRYSTAL DEPOSI­
TION DISEASES OF THE TEMPOROMANDIBU­
LAR JOINT 
In knee joint OA, crystals have been identified in 
high percentages in the synovial fluids.30-32 The 
presence of calcium pyrophosphate dihydrate 
(CPPD) crystals correlated with patient age, 
while basic calcium phosphate crystals corre­
lated with the presence of joint degeneration. 
Although TMJ OA predominantly is found in 
young individuals, it is characterized arthro­
scopically and microscopically by degeneration 
of the articular cartilage. Aim #6 of this thesis 
was to investigate the presence of crystals in 
synovial fluid lavages of osteoarthritic TMJs to 
study the possible role of these crystals in the 
osteoarthritic process. This study did not show 
any monosodium urate monohydrate or calcium 
pyrophosphate dihydrate crystals, but in 9% of 
the lavages possibly calcium-containing parti­
cles were identified with alizarin red S staining.33 
No correlation could be established between the 
presence of these particles and arthroscopically 
diagnosed cartilage degeneration. Because aliza­
rin red positive particles have even been found 
in much higher percentages in synovial fluids 
obtained from normal knee joints, it was con­
cluded that crystals probably do not play an 
important role in TMJ OA. 
Finally, aim #7 of this thesis was to evaluate 
the currently known pathogenic pathways of 
CPPD crystal formation in CPPD crystal deposi­
tion disease and to study the light and electron 
microscopic characteristics of a case of the TMJ 
that was presented at the Department of Oral 
and Maxillofacial Surgery of the University Hos­
pital Groningen, to study new clues for its 
pathogenesis. One of the most provocative find­
ings in this thesis involved the microscopically 
established presence of large amounts of 
intracellular and even intramitochondrial CPPD 
crystals in chondrocytes found in this case.34•35 
Until then, the extracellular inorganic pyrophos­
phate (PPi) generation had been the main focus 
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of research because previously crystal formation 
had only been seen extracellularly, while PPi can 
not pass cell membranes. The finding of 
intracellular CPPD crystals in chondrocytes 
pointed to the existence of an intracellular path­
way of CPPD crystal formation in CPPD crystal 
deposition disease of the TMJ and possibly in 
CPPD crystal deposition disease in general. 
CPPD crystals appear to preferably deposit in 
fibrocartilage rather than in hyaline cartilage. 
Although it may be conceivable that CPPD crys­
tal deposition disease of the TMJ may follow a 
pathogenically distinct pathway, in future re­
search the possibility of intracellular crystal for­
mation in chondrocytes deserves further study. 
A clue hereby may be the presence of intra­
mitochondrial crystals that hypothetically may 
imply a derangement in mitochondrial adeno­
sine triphosphate or PPi metabolism. In this re­
spect, it is interesting that it has been hypothe­
sized by Dieppe that OA could be a cause of sec­
ondary CPPD deposition. 36 PPi production is 
known to be significantly increased in OA. Be­
cause PPi is generated in large amounts during 
synthetic activity of the chondrocyte, it is tempt­
ing to assume CPPD formation in osteoarthritic 
cartilage that is undergoing repair and thus 
shows increased synthetic activity of the chon­
drocytes. Moreover, in osteoarthritic cartilage 
that is damaged, cell damage may result in PPi 
leakage, following which extracellular CPPD de­
position may occur. Morphological support for 
this hypothesis has been given by Ali who dem­
onstrated that CPPD formation can be seen in 
chondrocyte lacunae of active chondrocytes, as 
well as in those in areas of damaged matrix. 37 
Therefore, further study is needed on the possi­
ble concurrence of TMJ OA and crystal deposi­
tion. 
The TMJ is a fascinating joint, and its disor­
ders have evoked a variety of hypotheses on 
their initiation and perpetuation. In our opinion, 
future TMJ research should be guided by the 
similarities with disorders of other synovial 
joints, but also by the differences with these 
other joints, while truly etiologic factors will 
probably be identified in studies of prominent 
and distinctive characteristics of TMJ disorders, 
including most of all the striking female predis­
position to these disorders. 
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Disorders that affect the temporomandibular 
joint (TMJ) are generally characterized by pain 
in and around the joint, functional impairment, 
and joint sounds such as clicking and crepita­
tion to a degree that is very bothersome for the 
patient. These clinical signs and symptoms are 
rather common in the general population. At 
least 5% of the general population has been esti­
mated to suffer from clinically significant TMJ­
related pain, while nearly 2% of the population 
seeks treatment for a symptom of a TMJ disor­
der. Strikingly, the majority of the patients that 
come for consultation are young females. In 
many patients, the disorder fortunately can be 
guided into a state of quiescence with nonsurg­
ical treatment. However, in a minority of pa­
tients seeking treatment, the TMJ symptoms re­
main refractory to nonsurgical treatment, and 
surgical intervention is needed. The patients 
that were included in the studies described in 
this thesis all belonged to this latter group; all 
had remained refractory to nonsurgical treat­
ment. Because the onset of most TMJ disorders 
occurs at a relatively young age (ie, 20's and 
30's) , patients with symptomatic joints may re­
quire many years of treatment. The costs of 
temporomandibular disorders, both in actual 
costs and in terms of human suffering, can be 
enormous. Therefore, an understanding of the 
pathogenic mechanisms that underlie TMJ dis­
orders is very important to develop new treat­
ment modalities. 
Throughout this century, a large variety of 
factors has been implicated as possible primary 
etiologic factor in TMJ disorders, including 
occlusal disharmony, masticatory muscle dys­
function, psychological stress, osteoarthritis, 
and displacement of the articular disc. In the 
1970s, reducing disc displacement was shown 
in arthrographic studies to cause joint clicking, 
whereas permanent disc displacement appeared 
to be correlated with restricted joint movement. 
Subsequently, it was assumed that disc dis­
placement also caused other joint symptoms 
such as pain, and treatment of TMJ disorders 
became primarily aimed at the nonsurgical and 
surgical anatomic reduction of the supposedly 
displaced articular disc. However, in the second 
half of the 1980s, articular disc displacement 
was also identified in asymptomatic joints, both 
in arthrographic and in magnetic resonance im­
aging studies. This discredited disc displace­
ment as sole primary etiologic factor in TMJ dis­
orders. Moreover, in several autopsy studies disc 
displacement was frequently found in quite high 
percentages, but in these studies a causative 
relationship with age could not be excluded be­
cause of the high mean age of the individuals 
from whom the TMJs were obtained. 
In chapter 2, normal and abnormal TMJ 
anatomy with respect to disc position and con­
figuration is studied using three-dimensional 
multisectional computer reconstructions of 20 
cadaveric TMJs that were obtained from individ­
uals with a relatively low mean age of 40.4 
years. The TMJ specimens were removed en bloc 
and subsequently deep-frozen. Three parallel 
pegs were inserted in each specimen to provide a 
frame of reference for the three-dimensional re­
construction. The specimens were fixed, decal­
cified, dehydrated, and embedded in paraffm. 
Serial sections of ten Jlm thickness were cut and 
after each fiftieth section the cutting surface was 
photographed with color slide film. Each slide 
was projected on a computer tablet and the ref­
erence points and the contours of various joint 
components were digitized. Three-dimensional 
reconstruction was performed using the soft­
ware package MacReco 3.4. Each TMJ was grad­
ed for disc position and disc configuration. Disc 
displacement was found in seven TMJs, disc 
deformity was found in five TMJs, while in a to­
tal of eight TMJs (40%) an abnormal TMJ disc 
anatomy (ie, either disc displacement or disc 
deformity) was found. Considering the high inci­
dence of disc position deviating from the normal 
superior position, it is suggested that in some 
cases a so-called abnormal disc position can be 
regarded as within the limits of normal anatomic 
and physiological variability, and does not nec­
essarily induce clinical joint symptoms. 
For a long time the TMJ was assumed to be 
structurally and functionally different from other 
synovial joints. In 1 966, however, Boering dem­
onstrated similarities with pathologic disorders 
in other synovial joints, when he showed osteo­
arthrotic changes of the TMJ in an extensive 
clinical and radiographical study. In subsequent 
light and electron microscopic study of articular 
cartilage obtained from affected TMJs, de Bont 
showed comparable structural osteoarthrotic 
changes as were found in cartilage of other 
osteoarthrotic j oints, thereby giving further cred­
ibility to the view that the TMJ is a synovial joint 
like all other joints in the body, and therefore 
will be affected by conditions common to these 
other joints. Although a variety of local and sys­
temic disorders is known to occur in the TMJ, 
the most predominant TMJ disorder is osteo­
arthritis (OA) either or not concurrently with a 
displacement of the articular disc. Therefore, an 
understanding of the pathogenic mechanisms 
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that underlie this TMJ disorder is very impor­
tant. 
In chapter 3, an outline of normal physiologic 
processes and participating factors in the 
healthy TMJ is established, based on knowledge 
of structure, biochemistry, and metabolism of 
normal cartilage in other synovial joints. Articu­
lar cartilage is composed of extracellular matrix 
(ECM) and chondrocytes. The ECM consists of 
water, collagen, proteoglycans, structural glyco­
proteins, and small amounts of lipid and inor­
ganic components. However, the exact biochemi­
cal composition of the ECM of TMJ articular car­
tilage is still unknown. Chondrocytes in articu­
lar cartilage of other synovial joints have the 
capacity to synthesize as well as degrade all 
ECM components through an enzymatically me­
diated "internal remodeling system." These 
chondrocytes produce precisely regulated 
amounts of proteases and protease inhibitors to 
induce normal tissue turnover, stimulated by 
balanced levels of cytokines and growth factors.  
TMJ articular cartilage chondrocytes presum­
ably participate in a similar "internal remodeling 
system" to induce normal TMJ articular carti­
lage turnover. 
In chapter 4, the pathogenesis of TMJ OA is 
discussed, based on knowledge of structure, 
biochemistry, and metabolism of osteoarthritic 
cartilage in other synovial joints, and a classifi­
cation of TMJ OA is presented. OA in general 
results from an imbalance between predomi­
nantly chondrocyte-controlled anabolic and cat­
abolic processes, caused by a primary (bio)­
mechanical, biochemical, inflammatory, or im­
munologic insult. Osteoarthritic cartilage is 
characterized biochemically by an initially in­
creased water content, early loss of proteoglyc­
ans, and constant collagen content but with al­
terations in size and arrangement of collagen 
fibers. Based on general knowledge of OA, we 
propose a classification of the pathogenesis of 
TMJ OA in four stages. In the initial and repair 
stage of OA, an increased degradation of compo­
nents of the ECM is counteracted by an in­
creased growth factor-mediated synthesis by the 
chondrocytes. In the early stage of OA, the in­
creased synthesis of ECM components is ex­
ceeded by their degradation, due to an increased 
synthesis and activity of proteases, resulting in 
a net degradation and loss of articular cartilage. 
In the intermediate stage of OA, the synthesis of 
ECM components fails, whereas the synthesis 
and activity of proteases remain increased, re­
sulting in a progressive degradation and loss of 
articular cartilage. In the late stage of OA, fi­
nally, the content of several ECM components is 
further reduced. The synthesis and activity of 
proteases may remain increased or may be re­
duced in the case of residual OA. Of each stage, 
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the histologic, electron microscopic, and bio­
chemical characteristics and arthroscopic and 
clinical appearances are described. It is 
suggested that a classification of TMJ OA should 
be based on the grade of degradation of articular 
cartilage and possibly also on the grade of 
synovitis. Because TMJ OA is a multifactorial 
disorder with various pathogenic pathways, in 
which several stages of internal derangement 
may be found, internal derangement should be 
diagnosed as a separate entity. 
Angiogenesis of the articular cartilage of the 
articular eminence is a significant arthroscopic 
finding in osteoarthritic TMJs. Moreover, 
neovascularization of cartilage has been related 
to various osteoarthritic joint changes such as 
remodeling, including sclerosis of the subchon­
dral bone, and osteophyte formation. In chapter 
5 ,  the presence of a for OA specific angiogenesis 
factor, ie, endothelial cell stimulating angiogene­
sis factor (ESAF) in synovial fluid lavages from 
osteoarthritic TMJs is investigated to study the 
possible role of angiogenesis in the osteoarthritic 
process. Synovial fluid samples were obtained 
prior to arthroscopy of patients who had been 
diagnosed with TMJ OA. Based on arthroscopic 
findings of angiogenesis, six samples and one 
control sample that only contained lavage fluid 
were selected for ESAF estimation. ESAF was 
determined according to the procollagenase acti­
vation method of Weiss et al. Surprisingly, all 
seven samples demonstrated procollagenase 
activation and therefore supposedly contained 
ESAF, indicating that false positive results had 
been obtained. This was probably caused by 
plasticizer that had leached from the plastic 
containers into the lavage fluids they contained 
and that had reacted with the collagen substrate 
used in the assay. Therefore, in addition to the 
profound effect on humanity and the environ­
ment, plasticizers had a confounding effect on 
this synovial fluid analysis, and unfortunately 
no conclusions regarding the role of angiogene­
sis in TMJ OA could be drawn. Other pitfalls in 
TMJ synovial fluid analysis include the prob­
lems associated with the strong dilution, the 
frequent lack of normal controls, the potential 
contamination of lavages with blood, the needed 
confirmation that synovial fluid is present in the 
sample at all, and the influence of the lavage 
procedure itself. 
Prior to the development of arthroscopy, the 
role and affection of synovial membrane in the 
osteoarthritic process in the TMJ was not fully 
appreciated. However, nowadays the most strik­
ing arthroscopic fmdings in symptomatic TMJs 
frequently involve pathologic changes of this 
synovial membrane. In chapter 6, the structure 
of the normal synovial membrane of the healthy 
TMJ is discussed, based on knowledge of the 
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structure of the synovial membrane in synovial 
joints in general, in order to justly interpret the 
significance of any specific factor in osteoarthrit­
ic TMJs. Synovial membrane consists of two lay­
ers: the synovial intima, a lining cell layer facing 
the joint space, and the subintimal tissue, a 
supportive layer. Based on differences in tissue 
structure of the subintimal tissue, the synovial 
membrane is differentiated in areolar, fibrous, 
adipose, and mixed types. In the TMJ, the pres­
ence of an adipose synovial membrane is highly 
unlikely. The synovial intima cells are, based on 
characteristic electron microscopic features, dif­
ferentiated into type A and B synovial cells. The 
synovial intima extracellular matrix (ECM) is 
differentiated from the subintimal tissue ECM 
by the relative lack of collagen. In the TMJ, the 
light and electron microscopic appearances of 
normal synovial membrane have not yet been 
determined, but most likely are similar to those 
of the normal synovial membrane of synovial 
joints in general. 
In chapter 7, the function, biochemistry, and 
metabolism of the normal synovial membrane of 
the healthy TMJ are discussed, based on knowl­
edge of the synovial membrane in synovial joints 
in general. The synovial membrane fulfills sev­
eral important functions in maintaining normal 
joint physiology and joint function, including the 
provision and preservation of a non-adherent, 
low-friction surface of a deformable packing that 
enables a full range of positions, as well as the 
provision of nutrients for the chondrocytes and 
elimination of their waste products and of ECM 
debris, and production of synovial fluid compo­
nents. The biochemical components of the ECM 
of synovial intima include hyaluronic acid, 
proteoglycans (with the glycosaminoglycans der­
matan sulphate, chondroitin-4-sulphate and 
chondroitin-6-sulphate) , collagen (type I, III, IV 
and VI) , and structural glycoproteins (fibro­
nectin and laminin). Synovial intima cells are 
capable to synthesize, and presumably degrade 
all their ECM components. An "internal remodel­
ing system" by the synovial intima cells is postu­
lated to exist in normal tissue turnover. In the 
TMJ, the function and biochemical and meta­
bolic features of normal synovial membrane 
have not yet been determined, but most likely 
are similar to those of normal synovial mem­
brane of synovial joints in general. 
In chapter 8, the arthroscopic characteristics 
of the joint surfaces of osteoarthritic TMJs are 
studied to evaluate the involvement of the vari­
ous joint components in the osteoarthritic pro­
cess. Arthroscopy was performed in the upper 
joint compartment of 40 TMJs in 40 patients.  
Thirty-one TMJs that were diagnosed with 
osteoarthritis (OA) constituted the OA group. 
Based on the presence of symptoms related to 
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disc displacement and perforation, OA sub­
groups were defined. Nine TMJs that were not 
involved with OA constituted the control group. 
During the arthroscopic examination, various 
arthroscopic variables were recorded. Differ­
ences between groups and between subgroups, 
and differences related to arthroscopic variables 
compared with the duration of clinical signs and 
symptoms were analyzed. In the OA group, sev­
eral arthroscopic variables were found signifi­
cantly more frequently than in the control 
group, the most striking being retrodiscal tissue: 
redundancy, adhesions, heightened attachment 
to the posterior wall of the glenoid fossa; articu­
lar disc: disc displacement, limited mobility; and 
articular eminence: cartilage degeneration. More­
over, in the OA group disc displacement was 
found significantly more frequently in the period 
after 6 months than during the first 6 months of 
clinical signs and symptoms. Anterodiscal 
hypervascularity was found significantly more 
frequently during the first year than in the pe­
riod after the first year, as well as during the 
first 2 years than in the period after the first 2 
years of clinical signs and symptoms, whereas a 
lowered attachment to the anterior slope of the 
articular eminence was found significantly more 
often in the period after 2 years than during the 
first 2 years of clinical signs and symptoms. The 
findings in this study suggest that OA of the 
TMJ may initially result in synovial tissue 
hypervascularity, creeping synovitis, and redun­
dancy, and subsequently in adhesion formation 
and a reduction of the posterior and anterior 
recess. Due to articular cartilage fibrillation of 
the articular eminence and the subsequently 
reduced surface smoothness, the articular disc 
may become displaced. Eventually, discal mobil­
ity is limited, and adhesions and a reduced pos­
terior and anterior recess prevail. In conclusion, 
TMJ OA is characterized arthroscopically by an 
early proliferative phase, with proliferation of 
vascular patterns and tissue redundancy, and a 
late adhesive, fibrotic phase, with adhesion for­
mation, reduced recesses, and limited discal 
mobility. 
In chapter 9, the light microscopic (LM) char­
acteristics of synovial membrane in osteoarthrit­
ic TMJs are studied to evaluate the involvement 
of this synovial membrane in the osteoarthritic 
process. Synovial membrane biopsies were ob­
tained during arthroscopy in aforementioned 40 
TMJs, including 3 1  osteoarthritic and 9 non­
osteoarthritic TMJs. During LM examination of 
the synovial membranes, several LM variables 
were recorded. Differences between groups and 
between subgroups, and differences related to 
LM variables compared with the duration of clin­
ical signs and symptoms were analyzed. In the 
OA group, the number of synovial intima cell 
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layers was significantly higher, and fibrous in­
tima matrix and fibrous subintima were found 
significantly more frequently than in the control 
group. Moreover, in the OA group, intima cell 
hypertrophy in combination with a closely pack­
ed cell composition was found significantly more 
often in the first year than in the period after 
this first year of clinical signs and symptoms, 
whereas intima hyperplasia, fibrous intima ma­
trix, dense surface material and subintima elas­
tic fibers were found significantly more fre­
quently in the first 2 years than in the period 
after the first 2 years of clinical signs and symp­
toms. The findings in this study suggest that OA 
of the TMJ may initially result in synovial intima 
hyperplasia and cell hypertrophy, and subse­
quently in deposition of fibrous material in the 
intima matrix. Eventually, fibrosis of the sub­
intimal tissue may occur in combination with 
degeneration and subsequent normalization of 
the synovial intima cell layer. Overall, fibrosis 
was the most characteristic feature of synovial 
membranes of osteoarthritic TMJs. In conclu­
sion, the involvement of the synovial membrane 
in OA of the TMJ is characterized by an early 
proliferative phase and a late fibrous phase. It 
appears that the intense and prolonged fibrous 
phase may not be a normal appropriate re­
sponse to an initial insult but rather an aber­
rant counterproductive response. 
In chapter 10, the correlation between 
arthroscopically observed changes in the synovi­
al membrane and other joint components and 
synovial light microscopic findings in osteoar­
thritic and nonosteoarthritic TMJs was studied. 
The arthroscopic and light microscopic findings 
have already been described in the previous two 
chapters. No correlations were found reaching 
the prerequisite satisfactory values in the 40 
biopsies obtained in the retrodiscal tissue biop­
sies. A weak correlation was found between 
retrodiscal hyperemia and extravasation of 
erythrocytes, and between retrodiscal adhesion 
formation and intima cell shape. In the antero­
discal tissue biopsies, three correlations were 
found: arthroscopic hypervascularity correlated 
with LM intima cell shape and cell density, and 
arthroscopic lowered attachment to the anterior 
slope of the articular eminence correlated with 
the LM presence of a fibrous intima matrix. 
Overall, a high concurrence between several ar­
throscopic and LM variables was frequently 
seen. However, the LM severity of the pathologic 
changes was often less than was suggested 
arthroscopically. The findings in this study sug­
gest that in the early stages of OA, vascularity 
may be increased to meet the increased meta­
bolic demands of the hyperplastic and hypertro­
phic intima cells, whereas in the later stages the 
development of a fibrous intima matrix may re-
Summary 
sult in adhesion formation with opposing or ad­
j acent articular surfaces and ultimately in lim­
ited joint recesses. Finally, the absence of a cor­
relation between arthroscopically observed artic­
ular cartilage degeneration and LM indications 
of increased intima cellular response may be 
explained by the presence of a burnt-out stage 
in several TMJs in which arthroscopically carti­
lage degeneration was observed, whereas light 
microscopically no indications of increased 
synovial cellular activity were found. 
In chapter 1 1 ,  the ultrastructural character­
istics of synovial membrane in osteoarthritic 
TMJs in various stages of synovial membrane 
involvement in TMJ osteoarthritis (OA) is stud­
ied to develop a classification of this involvement 
based on morphological characteristics. Synovial 
membrane biopsies were obtained during 
arthroscopy in the aforementioned TMJs. Ten 
osteoarthritic synovial membranes, demonstrat­
ing histologically visible pathologic changes in 
various stages of synovial membrane involve­
ment, and one control synovial membrane were 
selected for electron microscopic examination. 
The initial, early, and intermediate stages of 
synovial membrane involvement in TMJ OA are 
characterized by intima hyperplasia. In the ini­
tial and early stages, active and hypertrophic 
intima cells are found. In the intermediate stage, 
an increased number of both intracytoplasmic 
and extracellular filaments is predominant. Fi­
brosis of the subintimal tissue is initiated by an 
increased number of active fibroblasts. The late 
stage of synovial membrane involvement in TMJ 
OA is characterized by a relatively normal 
synovial intima of normal thickness, while in the 
subintimal tissue extensive fibrosis is seen. The 
findings in this study suggest that synovial 
membrane involvement in TMJ OA is character­
ized by an early proliferative phase with proba­
bly growth factor-mediated increased cellular 
activity of synovial intima cells (resulting in hy­
perplasia and hypertrophy), of fibroblasts (re­
sulting in increased production of collagen fi­
brils, and thus fibrosis) , and of endothelial cells 
(resulting in blood vessel growth, and thus 
hypervascularity) . The late fibrous phase is 
characterized by extensive fibrosis of the sub­
intimal tissue, whether caused by sustained 
production of growth factors or by chronic ve­
nous insufficiency, with normal or little cellular 
activity. 
In synovial fluid of osteoarthritic knee joints, 
high percentages of crystals have been identi­
fied. The presence of calcium pyrophosphate 
dihydrate (CPPD) crystals correlated with patient 
age, and basic calcium phosphate (BCP) crystals 
correlated with joint degeneration. Although 
TMJ OA predominantly occurs in young individ­
uals, it is characterized arthroscopically and 
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light microscopically by degeneration. In chap­
ter 12,  the presence of crystals in synovial fluid 
lavages of osteoarthritic TMJs is studied to eval­
uate the possible role of these crystals in the 
osteoarthritic process. Synovial fluid lavage 
samples were obtained prior to arthroscopy of 
the upper joint compartment of 44 TMJs. The 
OA group consisted of 32 TMJs that had been 
diagnosed with TMJ OA. The control group con­
sisted of 1 2  TMJs that had been diagnosed with 
other nonosteoarthritic conditions. The lavage 
samples were analyzed as wet preparations, un­
stained as well as stained, with ordinary light, 
polarized light and compensated polarized light 
for the presence of crystals and white blood 
cells. One sample was prepared for subsequent 
electron microscopic (EM) examination. Synovial 
fluid lavage analysis of osteoarthritic TMJs did 
not show any monosodium urate monohydrate 
or CPPD crystals. However, in three lavages (9%) 
possibly calcium-containing crystals were iden­
tified with alizarin red S stain. White blood cells 
were only occasionally seen. Synovial fluid anal­
ysis of the lavages of the control TMJs did not 
reveal any crystals, but occasional leukocytes 
were also observed. EM examination of one 
synovial fluid lavage of an osteoarthritic TMJ did 
not show any convincing crystals. Based on 
these findings, it was concluded dat concur­
rence of TMJ crystal deposition and OA appears 
less prominent than in other synovial joints, 
whereas crystals do not play a prominent role in 
TMJ OA. 
In chapter 13,  the clinical, radiographical 
and light microscopic characteristics of CPPD 
crystal deposition disease, one of the most fre­
quently occurring crystal-induced arthropathy 
that only rarely affects the TMJ, are described 
based on a presented patient with primary man­
ifestation in the TMJ. CPPD crystal deposition 
disease is notorious for its great ability to mimic 
other diseases in clinical, radiographic, and 
histologic appearances. In the presented case, 
initially a diagnosis of anterior disc displace­
ment without reduction was made. The subse­
quent onset of several attacks of acute arthritis, 
however, resulted in the definitive diagnosis of 
CPPD crystal deposition disease. It is conceiv­
able that the initial CPPD crystal deposition dis­
ease may have resulted in disc displacement. 
In chapter 14, the currently known patho­
genic mechanisms of CPPD crystal deposition 
disease are described, and the light and electron 
microscopic examination of material that was 
obtained during surgery from the aforemen­
tioned patient were evaluated in search of new 
clues for its pathogenesis. Light microscopic 
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examination of CPPD-containing material from 
the joint space revealed cartilaginous nodules 
with various degrees of crystallization. Electron 
microscopic examination revealed numerous 
extra- as well as intracellular crystals and crys­
tal shaped spaces in the chondrocytes. Other 
striking ultrastructural features of the chondro­
cytes included the presence of many mitochond­
ria, frequently containing crystalline material, 
and the presence of highly dilated rough 
endoplasmic reticulum and large glycogen is­
lands. The presence of intramitochondrial crys­
tals may hypothetically imply a derangement in 
mitochondrial ATP or pyrophosphate metabo­
lism. The finding of intracellular CPPD crystals 
in chondrocytes points to the existence of an 
intracellular pathway of CPPD crystal formation 
in CPPD crystal deposition disease of the TMJ 
and possibly in CPPD crystal deposition disease 
in general. 
Finally, in chapter 15, the general discus­
sion, several findings in the various studies are 
discussed again and interrelated. The following 
general conclusions can be drawn: 
- Disc displacement is a frequently occurring 
phenomenon and does not necessarily result 
in TMJ symptoms. 
- Classification of TMJ OA should be based on 
the grade of degradation of articular cartilage 
and possibly the grade of synovitis. 
- In synovial fluid lavage analysis the possibility 
of factors already present in the lavage fluid 
should be taken into account. 
- The involvement of the synovial membrane in 
the osteoarthritic process of the TMJ is char­
acterized by an early proliferative phase and a 
late fibrous phase. The early proliferative 
phase is characterized arthroscopically by 
hypervascularity and synovial tissue redun­
dancy, and light microscopically by intima cell 
hyperplasia and hypertrophy and subsequent 
deposition of fibrous material in the intima 
matrix. The late fibrous phase is characterized 
arthroscopically by adhesion formation, re­
duced joint recesses, and limited discal mobil­
ity, and light microscopically by extensive fi­
brosis of the subsynovial tissue. This late fi­
brous phase will result in a limited joint mo­
bility, which underlines the importance of 
physical therapy during the disease process 
and immediately postoperatively. 
- Crystals do not play an important role in TMJ 
OA. 
- In addition to an extracellular pathway of 
CPPD crystal formation, there are indications 





Aandoeningen van het kaakgewricht worden 
vaak gekenmerkt door pijn in en rond het ge­
wricht, functiebeperking en gewrichtsgeluiden, 
zoals knappen en kraken, die door de patient als 
zeer storend kunnen worden ervaren. Deze 
symptomen komen zeer vaak voor. Tenminste 
5% van de bevolking lijdt regelmatig aan kaak­
gewrichts-gerelateerde klachten, terwijl ongeveer 
2% van de bevolking daadwerkelijk medische 
behandeling zoekt voor hun kaakgewrichtspro­
blemen. Opvallend hierbij is dat de meerderheid 
van deze patienten bestaat uit jonge vrouwen. In 
een deel van deze patientengroep kan met be­
hulp van niet-chirurgische therapie de intensi­
teit van het klachtenpatroon voldoende geredu­
ceerd worden. Regelmatig is echter de bewe­
gingsmogelijkheid van het aangedane kaakge­
wricht blijvend beperkt. In het andere deel van 
deze patientengroep kan helaas met niet-chirur­
gische therapie onvoldoende effect worden gesor­
teerd, en is chirurgisch ingrijpen noodzakelijk. 
Het succes van chirurgische therapie laat zich 
bovendien niet altijd voorspellen. Op dit deel van 
de patientengroep is het beschreven onderzoek 
gericht. Omdat kaakgewrichtsaandoeningen 
vaak optreden op jonge leeftijd (20-30 jaar) , heb­
ben patienten met ernstige klachten soms gedu­
rende vele jaren behandeling nodig. De prijs van 
kaakgewrichtsaandoeningen, zowel in termen 
van medische consumptie alsook in het opzicht 
van menselijk Iijden, is hoog. Het is daarom be­
langrijk verder inzicht te verwerven in de patho­
genetische mechanismen die aan deze kaakge­
wrichtsaandoeningen ten grondslag liggen ten­
einde in de toekomst een meer doelgerichte the­
rapie te kunnen instellen. 
In de afgelopen eeuw zijn vele factoren aan­
gemerkt als mogelijk primaire etiologische factor 
in het ontstaan van kaakgewrichtsaandoening­
en, waaronder een malocclusie van de dentitie, 
stress, osteoartritis, en een luxatie van de discus 
articularis, de gewrichtsschijf. In de zeventiger 
jaren werd met behulp van artrografie aange­
toond dat een reducerende discusluxatie de oor­
zaak is van knappen van het kaakgewricht, ter­
wijl  een permanente discusluxatie bleek te cor­
releren met bewegingsbeperking. Vervolgens 
werd aangenomen dat een discusluxatie ook de 
belangrijkste oorzaak is van andere kaakge­
wrichtssymptomen zoals pijn, en werd de be­
handeling van kaakgewrichtsaandoeningen 
vooral gericht op de niet-chirurgische en chirur­
gische anatomische reductie van de veronder­
steld geluxeerde discus articularis. Echter, in de 
tweede helft van de tachtiger jaren werd met 
behulp van artrografie en kernspinresonantie 
(MRI) aangetoond dat discusluxaties ook voorko­
men in asymptomatische kaakgewrichten. Hier­
mee werd de rol van discusluxatie als enige pri­
maire etiologische factor in het ontstaan van 
kaakgewrichtsaandoeningen minder waarschijn­
lijk, zeker omdat ook in meerdere autopsie-stu­
dies discusluxaties werden aangetroffen in een 
vrij hoog percentage. In deze laatstgenoemde 
studies kon echter een causaal verband met 
leeftijd niet worden uitgesloten vanwege de hoge 
gemiddelde leeftijd van de individuen van wie de 
kaakgewrichten waren verkregen. 
In hoofdstuk 2 wordt een beeld gegeven van 
normale en abnormale kaakgewrichtsanatomie 
met speciale aandacht voor discuspositie en 
vorm. Hiervoor werden driedimensionale compu­
terreconstructies gemaakt van 20 kadaverkaak­
gewrichten, die waren verkregen van individuen 
met een relatief lage gemiddelde Ieeftijd van 40,4 
jaar. De kaakgewrichtsspecimens werden en 
bloc verwijderd en vervolgens diepgevroren. In 
elk specimen werden drie parallelle pinnen aan­
gebracht als referentiekader voor de driedimen­
sionale reconstructie. De specimens werden ach­
tereenvolgens geflxeerd, ontkalkt, gedehydra­
teerd en ingebed in paraffine. Van elk specimen 
werden vervolgens serie coupes gesneden van 
tien 1-1m dikte, waarbij na elke vijftigste coupe 
het snijvlak werd gefotografeerd op diafilm. Elke 
dia werd geprojecteerd op een computertablet en 
de referentiepunten en de contouren van ver­
scheidene gewrichtscomponenten werden gedigi­
taliseerd. De driedimensionale reconstructie 
werd tenslotte gemaakt met behulp van het soft­
ware programma MacReco 3.4.  Elk kaakge­
wricht werd beoordeeld op discuspositie en 
vorm. In zeven kaakgewrichten werd een discus­
luxatie gevonden, in vijf kaakgewrichten werd 
een abnormale discusvorm aangetroffen, terwijl 
in totaal in acht kaakgewrichten (40%) een ab­
normale kaakgewrichtsanatomie (d.w.z. een ab­
normale discuspositie enjof vorm) werd gevon­
den. Vanwege het frequent voorkomen van dis­
cusposities die afwijken van de tot voor kort als 
normaal geschetste superieure positie, kan wor­
den geconcludeerd dat in bepaalde gevallen een 
zogenaamd abnormale discuspositie mag wor­
den beschouwd als binnen de grenzen van de 
normale anatomische en fysiologische variabili­
teit, en dat deze niet onvermijdelijk hoeft te lei­
den tot klinische gewrichtssymptomen. 
Gedurende lange tijd is aangenomen dat het 
kaakgewricht structureel en functioneel ver­
schilt van synoviale gewrichten elders in het li­
chaam. In 1966 echter, toonde Boering aan dat 
er wei degelijk overeenkomsten zijn met aandoe-
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ningen van andere synoviale gewrichten, toen hij 
osteoartrotische veranderingen van het kaakge­
wricht aantoonde in een uitvoerige klinische en 
rontgenologische studie. In daarop volgend on­
derzoek naar de licht- en elektronenmicroscopi­
sche kenmerken van articulair kraakbeen van 
aangedane kaakgewrichten, liet de Bont verge­
lijkbare structurele osteoartrotische verande­
ringen zien als waren gevonden in kraakbeen 
van andere osteoartrotische gewrichten. Hiermee 
werd de stelling onderbouwd dat het kaakge­
wricht een synoviaal gewricht is vergelijkbaar 
met synoviale gewrichten elders in het lichaam, 
en dat hierin derhalve dezelfde aandoeningen 
kunnen voorkomen als ook in andere gewrichten 
bekend zijn. Hoewel een grate verscheidenheid 
van lokale en systemische aandoeningen in het 
kaakgewricht kunnen voorkomen, is de meest 
voorkomende aandoening osteoartritis, al dan 
niet in combinatie met een discusluxatie. 
In hoofdstuk 3 worden de normale fysiologi­
sche processen in het gezonde kaakgewricht 
beschreven, gebaseerd op inzichten in struc­
tuur, biochemie en metabolisme van normaal 
kraakbeen in andere synoviale gewrichten. Arti­
culair kraakbeen bestaat uit extracellulaire ma­
trix (ECM) en chondrocyten. De ECM bevat wa­
ter, collageen, proteoglycanen, glycoproteinen, 
en kleine hoeveelheden lipiden en anorganische 
componenten. De exacte biochemische samen­
stelling van de ECM van het articulaire kraak­
been van het kaakgewricht is echter nog niet 
vastgesteld. Chondrocyten in articulair kraak­
been van andere synoviale gewrichten zijn in 
staat alle ECM componenten te degraderen en te 
synthetiseren door middel van een enzymatisch 
gecontroleerd "intern ombouwmechanisme." De­
ze chondrocyten produceren nauwkeurig gere­
guleerde hoeveelheden proteasen en protease 
inhibitoren om een normale weefselombouw te 
bewerkstelligen, daartoe gestimuleerd door ge­
balanceerde hoeveelheden cytokines en groeifac­
toren. Chondrocyten in articulair kraakbeen van 
het kaakgewricht functioneren waarschijnlijk in 
een vergelijkbaar "intern ombouwmechanisme" 
om een normale weefselombouw van het articu­
laire kraakbeen in het kaakgewricht te bewerk­
stelligen. 
In hoofdstuk 4 wordt de pathogenese van 
osteoartritis in het kaakgewricht besproken, 
gebaseerd op inzichten in structuur, biochemie 
en metabolisme van osteoartritisch kraakbeen in 
andere synoviale gewrichten, en wordt een clas­
sificatie van kaakgewrichtsosteoartritis voorge­
steld. In het algemeen ontstaat osteoartritis als 
gevolg van een onbalans tussen de hierboven 
beschreven anabole en katabole processen, die 
voornamelijk door de chondrocyten worden 
aangestuurd. Deze onbalans kan worden veroor­
zaakt door een (bio)mechanisch, biochemisch, 
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inflammatoir, of immunologisch letsel. Osteoar­
tritisch kraakbeen wordt biochemisch geken­
merkt door een initieel verhoogd watergehalte, 
vroegtijdig verloren gaan van proteoglycanen, en 
een weliswaar constant collageengehalte maar 
met veranderingen in de grootte en ordening van 
de collagene vezels. Een classificatie van kaakge­
wrichtsosteoartritis wordt voorgesteld met vier 
stadia. In het initH�le en herstelstadium van os­
teoartritis wordt een verhoogde degradatie van 
componenten van de ECM gecompenseerd door 
een verhoogde synthese hiervan door de chond­
rocyten, dit laatste waarschijnlijk geinduceerd 
door groeifactoren. In het volgende stadium, het 
vroege stadium van osteoartritis, wordt deze ver­
hoogde synthese van ECM componenten echter 
overtroffen door de degradatie hiervan door een 
verhoogde synthese en activiteit van proteasen, 
hetgeen resulteert in een netto degradatie en 
verlies van articulair kraakbeen. In het tussen­
stadium van osteoartritis neemt de synthese van 
ECM componenten af, terwijl de synthese en 
activiteit van proteasen verhoogd blijft, hetgeen 
resulteert in een progressieve degradatie en ver­
lies van articulair kraakbeen. In het late stadi­
um van osteoartritis, tenslotte, neemt het gehal­
te van verscheidene ECM componenten verder 
af. De synthese en activiteit van proteasen kan 
verhoogd blijven, of kan afnemen in geval van 
een uitgebluste osteoartritis. Van elk stadium 
worden de histologische, elektronenmicroscopi­
sche en biochemische kenmerken, en het artro­
scopische en klinische voorkomen beschreven. 
Er wordt voorgesteld dat een classificatie van 
kaakgewrichtsosteoartritis gebaseerd moet zijn 
op de mate van degradatie van het articulaire 
kraakbeen en mogelijkerwijs de mate van syno­
vitis. Omdat kaakgewrichtsosteoartritis een mul­
tifactoriele aandoening is met een divers patho­
genetisch verloop, waarin verschillende stadia 
van discusluxatie ("internal derangement") kun­
nen worden gevonden, zou internal derangement 
als een aparte, biomechanische entiteit moeten 
worden gediagnostiseerd. 
Angiogenese in het articulaire kraakbeen van 
de eminentia articularis, de gewrichtsknobbel 
waarover wordt gearticuleerd, is een opvallende 
bevinding tijdens artroscopie van osteoartriti­
sche kaakgewrichten. Deze neovascularisatie 
van kraakbeen is gerelateerd aan verschillende 
osteoartritische gewrichtsveranderingen zoals 
botombouw met sclerosering van het bot en 
osteofytvorming. In hoofdstuk 5 wordt de aan­
wezigheid van een voor osteoartritis specifieke 
angiogenetische factor, te we ten endotheelcel 
stimulerende angiogenese factor (ESAF) , onder­
zocht "in uitspoelingen van de synoviale vloeistof 
van osteoartritische kaakgewrichten, om de mo­
gelijke rol van angiogenese in het osteoartritisch 
proces te bestuderen. De synoviale vloeistof uit-
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spoelingen werden verkregen voorafgaand aan 
de artroscopie van patienten bij wie kaakge­
wrichtsosteoartritis was gediagnostiseerd. Geba­
seerd op de artroscopische bevinding van angie­
genese werden zes uitspoelingen en een controle 
specimen, dat aileen de spoelvloeistof bevatte, 
geselecteerd voor de ESAF-bepaling. De aanwe­
zigheid van ESAF werd onderzocht volgens de 
methode van Weiss et al, die berust op activatie 
van procollagenase. Echter, aile zeven speci­
mens bleken procollagenase te activeren en zou­
den derhalve ESAF bevatten, waarop duidelijk 
werd dat er vals-positieve resultaten waren ver­
kregen. Dit werd waarschijnlijk veroorzaakt door 
de aanwezigheid van weekmakers die uit de 
plastic capsules, waarin de spoelvloeistof was 
opgeslagen, waren gelekt in deze spoelvloeistof, 
en die waarschijnlijk met het collageen sub­
straat, dat in de analyse werd gebruikt, hadden 
gereageerd. Deze weekmakers bleken derhalve, 
behalve een diepgaande invloed op de mensheid 
en het milieu, ook een verstorende invloed op 
deze synoviale vloeistofanalyse te hebben, en er 
kon helaas geen conclusie met betrekking tot de 
rol van angiogenese in kaakgewrichtsosteoartri­
tis worden getrokken. Andere problemen en veel 
gemaakte fouten in de analyse van synoviale 
vloeistof van het kaakgewricht zijn de problemen 
die geassocieerd zijn met de sterke verdunning 
van de vloeistof, het ontbreken van een controle­
groep, de mogelijke contaminatie van de uitspoe­
lingen met bloed, het ontbreken van de verifica­
tie dat synoviale vloeistof uberhaupt in de uit­
spoeling aanwezig is, en de invloed van het uit­
spoelen op zich. 
Voordat artroscopie werd toegepast werd de 
rol en het aangedaan zijn van de synoviale mem­
braan in het osteoartritisch proces in het kaak­
gewricht onvoldoende naar waarde geschat. 
Echter, vaak zijn de meest opvallende artrosco­
pische bevindingen in symptomatische kaakge­
wrichten juist de pathologische veranderingen in 
de synoviale membraan. In hoofdstuk 6 wordt 
de structuur van de normale synoviale mem­
braan in het gezonde kaakgewricht besproken, 
gebaseerd op inzichten in de structuur van nor­
male synoviale membraan in andere synoviale 
gewrichten. De synoviale membraan bestaat uit 
twee lagen: de synoviale intima, een cellaag aan 
de kant van de gewrichtskamer, en het subsyno­
viale weefsel, een ondersteunende weefsellaag. 
Gebaseerd op verschillen in de structuur van 
het subsynoviale weefsel wordt de synoviale 
membraan in synoviale gewrichten onderver­
deeld in losmazig, fibreus (dicht) , vethoudend of 
een gecombineerd type. In het kaakgewricht is 
de aanwezigheid van een vethoudende synoviale 
membraan vrij onwaarschijnlijk. De synoviale 
intima cellen worden, gebaseerd op elektronen­
microscopische kenmerken, onderverdeeld in 
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type A en B synoviale cellen. De ECM van de 
synoviale intima onderscheidt zich van de ECM 
van het subsynoviale weefsel door de relatieve 
afwezigheid van collageen. In het kaakgewricht 
zijn de licht- en elektronmicroscopische kenmer­
ken van de normale synoviale membraan nog 
niet bekend, maar deze zijn hoogst waarschijn­
lijk vergelijkbaar met die van normale synoviale 
membraan in andere synoviale gewrichten. 
In hoofdstuk 7 worden de functie, biochemie 
en metabolisme van de normale synoviale mem­
braan in het gezonde kaakgewricht besproken, 
gebaseerd op inzichten in normale synoviale 
membraan in andere synoviale gewrichten. Deze 
synoviale membraan vervult een aantal belang­
rijke functies in het handhaven van een normale 
gewrichtsfysiologie en functie. Hiertoe worden 
gerekend het onderhouden van een niet adhesief 
oppervlak met een lage wrijving van een ver­
vormbaar "vulmateriaal" dat een compleet scala 
van gewrichtsposities accommodeert. Bovendien 
zorgt deze membraan voor de nutrienten voor de 
chondrocyten en voor de eliminatie van hun af­
braakproducten en van ECM debris. Tenslotte 
produceert de membraan ook synoviale vloeistof 
componenten. De biochemische componenten 
van de ECM van de synoviale intima omvatten 
hyaluronzuur, proteoglycanen {met de glycosa­
minoglycanen dermatansulfaat, chondroitine-4-
sulfaat en chondroitine-6-sulfaat) , collageen (ty­
pe I ,  III, IV, en VI) en glycoproteinen {fibronecti­
ne en laminine) .  Synoviale intima cellen zijn in 
staat aile ECM componenten te synthetiseren en 
waarschijnlijk ook te degraderen. Van het kaak­
gewricht zijn de functie en biochemische en me­
tabole kenmerken van de normale synoviale 
membraan nog niet bekend, maar deze zijn 
hoogst waarschijnlijk vergelijkbaar met die van 
normale synoviale membraan in andere synovia­
le gewrichten. 
In hoofdstuk 8 worden de artroscopische 
kenmerken van de gewrichtsoppervlakken in 
osteoartritische kaakgewrichten bestudeerd ten­
einde de betrokkenheid van de verschillende 
gewrichtscomponenten bij het osteoartritisch 
proces te evalueren. Artroscopie werd uitgevoerd 
in de bovenste gewrichtskamer van 40 kaakge­
wrichten in 40 patienten. De onderste gewrichts­
kamer is nog niet toegankelijk voor deze vorm 
van onderzoek. Eenendertig kaakgewrichten, 
waarin osteoartritis was gediagnostiseerd, vorm­
den de osteoartritisgroep. Gebaseerd op de aan­
wezigheid van symptomen gerelateerd aan dis­
cusluxatie en perforatie werden osteoartritis 
subgroepen gedefinieerd. Negen kaakgewrichten 
die niet waren aangedaan door osteoartritis 
vormden de controlegroep. Tijdens de artrosco­
pie werd de aanwezigheid van een aantal artro­
scopische variabelen in kaart gebracht. De ver­
schillen tussen de groepen en tussen de sub-
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groepen werden geanalyseerd, alsook de ver­
schillen in vergelijking tot de duur van klinische 
symptomen. In de osteoartritisgroep werden een 
aantal artroscopische variabelen significant va­
ker gevonden dan in de controlegroep. De meest 
opvallende hiervan waren: retrodiscaal weefsel: 
proliferatie, adhesievorming, een verhoogde aan­
hechting aan de posterieure begrenzing van de 
fossa mandibularis; discus articularis: discus­
luxatie, beperkte mobiliteit; eminentia articularis: 
angiogenese, kraakbeendegeneratie. Bovendien 
werd in de osteoartritisgroep een discusluxatie 
significant vaker aangetroffen in de periode na 6 
maanden dan gedurende de eerste 6 maanden 
van klinische symptomen. Anterodiscale hyper­
vascularisatie werd significant vaker gevonden 
in het eerste jaar dan in de periode na het eerste 
jaar, alsook in de eerste 2 jaar dan in de periode 
na de eerste 2 jaar van klinische symptomen. 
Een verlaagde aanhechting aan de anterieure 
helling van de eminentia articularis werd signifi­
cant vaker aangetroffen in de periode na 2 jaar 
dan in de eerste 2 jaar van klinische sympto­
men. De bevindingen in deze studie lijken erop 
te wijzen dat osteoartritis van het kaakgewricht 
in eerste instantie resulteert in hypervasculari­
satie van het synoviale weefsel, zogenaamde 
"creeping synovitis," en weefselproliferatie, en 
vervolgens in adhesievorming en een verkleining 
van het posterieure en anterieure deel van de 
bovenste gewrichtskamer. De discus articularis 
is mogelijk geluxeerd als gevolg van fibrillatie 
van het articulaire kraakbeen van de eminentia 
articularis en de dientengevolge toegenomen 
oppervlaktewrijving. Tenslotte is de mobiliteit 
van de discus beperkt, en wordt het artroscopi­
sche beeld overheerst door adhesievorming en 
een verkleind posterieur en anterieur deel van 
de bovenste gewrichtskamer. Samenvattend kan 
worden gesteld dat osteoartritis van het kaakge­
wricht artroscopisch wordt gekenmerkt door een 
vroege, proliferatieve fase, met proliferatie van 
bloedvaten en synoviaal weefsel, en een late, 
adhesieve fase, met adhesievorming, een ver­
kleinde bovenste gewrichtskamer en een beperk­
te mobiliteit van de discus articularis. 
In hoofdstuk 9 worden de lichtmicroscopi­
sche kenmerken van synoviale membraan in 
osteoartritische kaakgewrichten bestudeerd ten­
einde de betrokkenheid van deze membraan bij 
het osteoartritisch proces te evalueren. Synovia­
le membraan biopten werden genomen tijdens 
de artroscopie van bovengenoemde 40 kaakge­
wrichten, onderverdeeld in 3 1  osteoartritische 
en negen niet-osteoartritische kaakgewrichten. 
Tijdens het lichtmicroscopisch onderzoek van de 
synoviale membraan werd de aanwezigheid van 
een aantal lichtmicroscopische variabelen in 
kaart gebracht. De verschillen tussen de groe­
pen en tussen de subgroepen werden geanaly-
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seerd, alsook de verschillen in vergelijking tot de 
duur van klinische symptomen. In de osteoartri­
tisgroep werd een significant hoger aantal syno­
viale intima cellagen gevonden, terwijl een veze­
lige intima matrix en een fibreuze subintima ook 
significant vaker werden aangetroffen dan in de 
controlegroep. Bovendien werd in de osteoartri­
tisgroep hypertrofie van de intima cellen in com­
binatie met een dicht opeengepakte celsamen­
hang significant vaker gevonden in het eerste 
j aar dan in de periode na dit eerste jaar van kli­
nische symptomen. Intima hyperplasie,  een ve­
zelige intima matrix, een opeenhoping van veze­
lig oppervlaktemateriaal en subsynoviale elasti­
sche vezels werden significant vaker aangetrof­
fen in de eerste twee jaar dan in de periode na 
de eerste twee jaar van klinische symptomen. De 
bevindingen in deze studie lijken erop te wijzen 
dat osteoartritis van het kaakgewricht in eerste 
instantie resulteert in hyperplasie van de synovi­
ale intima and hypertrofie van de intima cellen, 
en vervolgens in depositie van vezelig materiaal 
in de intima matrix. Tenslotte treedt fibrosering 
van het subsynoviale weefsel op in combinatie 
met degeneratie en daaropvolgende normalisatie 
van de synoviale intima cellaag. In het geheel 
genomen was fibrose de meest kenmerkende 
lichtmicroscopische bevinding in de synoviale 
membraan van osteoartritische kaakgewrichten. 
Samenvattend kan worden gesteld dat de be­
trokkenheid van de synoviale membraan bij os­
teoartritis van het kaakgewricht wordt geken­
merkt door een vroege, proliferatieve fase en een 
late, fibrotische fase. Het lijkt erop dat de inten­
se en langdurige fibrotische fase niet een norma­
le, passende respons is op een initieel letsel, 
maar eerder een afwijkende, contraproductieve 
respons. 
In hoofdstuk 10 wordt de correlatie bestu­
deerd tussen de artroscopisch waargenomen 
veranderingen in de synoviale membraan en de 
andere gewrichtscomponenten, en de synoviale 
lichtmicroscopische bevindingen in boven­
genoemde 40 osteoartritische en niet-osteoartri­
tische kaakgewrichten. De afzonderlijke artro­
scopische en lichtmicroscopische bevindingen 
zijn in de voorgaande twee hoofdstukken be­
schreven. In het retrodiscale synoviale weefsel 
konden geen correlaties worden aangetoond die 
een vooraf bepaalde limiet haalden. Een zwakke 
correlatie werd gevonden tussen retrodiscale 
hyperemie en extravasatie van erytrocyten, en 
tussen retrodiscale adhesievorming en intima 
celvorm. In het anterodiscale synoviale weefsel 
werden drie correlaties gevonden: anterodiscale 
hypervascularisatie correleerde met intima cel­
vorm en samenhang, en een verlaagde aanhech­
ting aan de anterieure helling van de eminentia 
articularis correleerde met een vezelige intima 
matrix. In het geheel genomen werd een gelijktij-
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dig voorkomen van verschillende artroscopische 
en lichtmicroscopische variabelen regelmatig 
gezien. Echter, de mate van pathologische ver­
anderingen bleek lichtmicroscopisch vaak ge­
ringer te zijn dan tijdens de artroscopie werd 
vermoed. De bevindingen in deze studie lijken 
erop te wijzen dat in de vroege fase van osteoar­
tritis van het kaakgewricht de vascularisatie is 
toegenomen om aan de verhoogde metabole 
vraag van de hyperplastische en hypertrofische 
intima cellen te kunnen voldoen, terwijl in de 
latere fases het ontstaan van een vezelige intima 
matrix zou kunnen leiden tot adhesievorming 
met tegenover of naastgelegen articulaire opper­
vlakken, hetgeen uiteindelijk resulteert in ver­
kleining van de gewrichtskamer. Tenslotte kan 
de afwezigheid van een correlatie tussen artro­
scopisch gevonden kraakbeendegeneratie en 
lichtmicroscopische aanwijzingen van een ver­
hoogde cellulaire intima respons worden ver­
klaard door de aanwezigheid van een uitgeblust 
stadium van osteoartritis in verscheidene kaak­
gewrichten, waarin artroscopisch kraakbeende­
generatie werd waargenomen, terwijl lichtmi­
croscopisch geen aanwijzingen voor een verhoog­
de cellulaire intima activiteit (meer) werden ge­
vonden. 
In hoofdstuk 1 1  worden de ultrastructurele 
kenmerken van de synoviale membraan in os­
teoartritische kaakgewrichten bestudeerd in ver­
schillende fases van betrokkenheid van deze 
membraan bij osteoartritis van het kaakgewricht 
teneinde een classificatie van deze betrokken­
heid gebaseerd op morfologische kenmerken te 
ontwikkelen. Synoviale membraan biopten wer­
den genomen tijdens artroscopie van boven­
genoemde kaakgewrichten. Tien synoviale mem­
braan biopten van osteoartritische kaakgewrich­
ten, die histopathologische veranderingen in 
verschillende stadia van synoviale membraan 
betrokkenheid lieten zien, en een membraan uit 
de controlegroep werden geselecteerd voor ver­
der elektronenmicroscopisch onderzoek. De ini­
tiele, vroege en tussenstadia van synoviale mem­
braan betrokkenheid bij kaakgewrichtsosteoar­
tritis bleken te worden gekenmerkt door intima 
hyperplasie. In de initiele en vroege stadia wor­
den actieve, hypertrofische intima cellen gevon­
den. In het tussenstadium staat een toegenomen 
hoeveelheid intracytoplasmatische en extracellu­
laire filamenten op de voorgrond. Het late stadi­
um van synoviale membraan betrokkenheid bij 
kaakgewrichtsosteoartritis wordt gekenmerkt 
door een relatief normale synoviale intima, ter­
wijl in het subsynoviale weefsel uitgebreide fi­
brosering wordt gezien. De bevindingen in deze 
studie lijken erop te wijzen dat de betrokkenheid 
van de synoviale membraan in de vroege fase 
van osteoartritis van het kaakgewricht wordt 
gekenmerkt door een vroege, proliferatieve fase 
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met een verhoogde cellulaire activiteit van de 
synoviale intima cellen die mogelijk geinitieerd is 
door groeifactoren (resulterend in hyperplasie en 
hypertrofie) , door een verhoogde cellulaire activi­
teit van fibroblasten in de subintima (resulte­
rend in een toegenomen productie van collagene 
fibrillen, en dus fibrose) en door een verhoogde 
cellulaire activiteit van endotheelcellen (resulte­
rend in bloedvatgroei, en dus hypervascularisa­
tie) . De late, fibrotische fase wordt gekenmerkt 
door een uitgebreide fibrosering van het subsy­
noviale weefsel met normale of geringe cellulaire 
activiteit van zowel intima als subintimale eel­
len. 
In synoviale vloeistof van osteoartritische 
kniegewrichten, zijn hoge percentages kristallen 
geidentificeerd. De aanwezigheid van calciumpy­
rofosfaatkristallen correleerde met de leeftijd van 
de patient, terwijl de aanwezigheid van hydroxy­
apatietkristallen correleerde met de aanwezig­
heid van kraakbeendegeneratie. Hoewel osteoar­
tritis van het kaakgewricht voornamelijk voor­
komt bij jonge individuen, wordt deze artrosco­
pisch en lichtmicroscopisch gekenmerkt door 
degeneratie van het articulaire kraakbeen. In 
hoofdstuk 12 wordt de aanwezigheid van kris­
tallen in uitspoelingen van synoviale vloeistof 
van osteoartritische kaakgewrichten bestudeerd 
teneinde de mogelijke rol van deze kristallen in 
het osteoartritisch proces te evalueren. De syno­
viale vloeistof uitspoelingen werden verkregen 
voorafgaand aan de artroscopie van 44 kaakge­
wrichten in 44 patienten. De osteoartritisgroep 
hestand uit 32 kaakgewrichten, waarin osteoar­
tritis was gediagnostiseerd. De controlegroep 
hestand uit 12 kaakgewrichten, die niet waren 
aangedaan door osteoartritis. De uitspoelingen 
werden onderzocht op de aanwezigheid van kris­
tallen en witte bloedcellen als "wet prepara­
tions," zowel aangekleurd als niet-aangekleurd, 
met behulp van doorvallend licht, gepolariseerd 
licht en gepolariseerd licht met compensator. 
Een uitspoeling werd geselecteerd voor elektro­
nenmicroscopisch onderzoek. In geen van de 
uitspoelingen van de osteoartritische kaakge­
wrichten werden uraat- of pyrofosfaatkristallen 
aangetroffen, maar in drie uitspoelingen (9%) 
werden mogelijk calciumbevattende partikels 
met alizarine-rood aangekleurd. Witte bloedcel­
len werden slechts sporadisch aangetroffen. In 
geen van de uitspoelingen van kaakgewrichten 
in de controlegroep werden kristallen aangetrof­
fen, maar wel werden er enkele leukocyten ge­
zien. Het elektronenmicroscopisch onderzoek 
van de geselecteerde uitspoeling liet oak geen 
overtuigende kristallen zien. Hierop werd gecon­
cludeerd dat kristallen geen belangrijke rol spe­
len in osteoartritis van het kaakgewricht. 
In hoofdstuk 13 worden de klinische, ront­
genologische en lichtmicroscopische kenmerken 
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van calciumpyrofosfaatdihydraat (CPPD) kristal­
depositieziekte, een van de meest bekende 
kristal-geinduceerde arthropathieen die echter 
zelden in het kaakgewricht voorkomt, beschre­
ven aan de hand van een patient die zich op de 
kliniek meldde met een primaire manifestatie in 
het kaakgewricht. CPPD kristaldepositieziekte is 
berucht om zijn vermogen andere aandoeningen 
te imiteren. In bovengenoemde patient werd in 
eerste instantie de diagnose discusluxatie zon­
der reductie gesteld. Pas na het optreden van 
enkele aanvallen van acute artritis en daaropvol­
gend onderzoek kon de definitieve diagnose 
CPPD kristaldepositieziekte worden gesteld. Het 
is voorstelbaar dat een initiele CPPD kristalde­
positie heeft geleid tot de discusluxatie in deze 
patient. 
In hoofdstuk 14 worden de tot dat toe beken­
de pathogenetische mechanismen van CPPD 
kristal depositie in kaart gebracht, en worden de 
licht- en elektronenmicroscopische kenmerken 
van materiaal, dat tijdens chirurgie bij boven­
genoemde patient werd verkregen, bestudeerd 
op zoek naar nieuwe aanwijzingen voor deze pa­
thogenetische mechanismen. Hoewel de patho­
genese van CPPD kristaldepositieziekte van sy­
noviale gewrichten nog steeds niet geheel be­
kend is, wordt aan een overproductie van extra­
cellulair pyrofosfaat een belangrijke rol toege­
schreven. Lichtmicroscopisch onderzoek van 
CPPD-bevattend materiaal van de patient met 
deze aandoening van het kaakgewricht liet 
kraakbeennodules zien, waarin verschillende 
gradaties van kristallisatie werden aangetroffen. 
Elektronenmicroscopisch onderzoek liet vele 
zowel extra- als intracellulaire kristallen en kris­
talvormige defecten in de chondrocyten zien. 
Andere opvallende ultrastructurele bevindingen 
waren de aanwezigheid van vele mitochondria, 
die vaak kristallijn materiaal leken te bevatten, 
en de aanwezigheid van zeer gedilateerd, ruw 
endoplasmatisch reticulum en glycogeeneilan­
den. Hypothetisch lijkt de aanwezigheid van mi­
tochondriale kristallen te wijzen op een ontspo­
ring van het mitochondriale adenosinetrifosfaat­
of pyrofosfaatmetabolisme. In ieder geval wijst 
de aanwezigheid van intracellulaire CPPD kris­
tallen op het bestaan van een intracellulaire ont­
staanswijze van CPPD kristallen in CPPD kris-
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taldepositieziekte van het kaakgewricht, en mo­
gelijk in CPPD kristaldepositieziekte in het alge­
meen. 
Tenslotte worden in hoofdstuk 15, de alge­
mene discussie, bevindingen uit de verschillende 
onderzoeken nogmaals besproken en met elkaar 
in verband gebracht. Hieruit worden de volgende 
algemene conclusies getrokken: 
- Discusluxatie in het kaakgewricht is een veel­
voorkomend fenomeen dat niet onvermijdelijk 
hoeft te leiden tot kaakgewrichtsproblemen. 
- Een classificatie van kaakgewrichtsosteoartri­
tis zou gebaseerd moeten zijn op de mate van 
degradatie van het articulaire kraakbeen en 
mogelijkerwij s  de mate van synovitis. 
- Bij de analyse van uitspoelingen van synoviale 
vloeistof van het kaakgewricht moet rekening 
worden gehouden met de aanwezigheid van 
reeds aanwezige factoren in de te gebruiken 
spoelvloeistof die de uitkomst kunnen versto­
ren. 
- De betrokkenheid van de synoviale membraan 
in het osteoartritisch proces van het kaakge­
wricht wordt gekenmerkt door een vroege, 
proliferatieve fase en een late, fibrotische fase. 
De vroege, proliferatieve fase wordt artrosco­
pisch gekenmerkt door proliferatie van bloed­
vaten en synoviaal weefsel, en lichtmicrosco­
pisch door intima eel hyperplasie en hypertro­
fie gevolgd door depositie van vezelig materi­
aal in de intima matrix. De late, fibrotische 
fase wordt artroscopisch gekenmerkt door 
adhesievorming, verkleining van de bovenste 
gewrichtskamer en een beperkte mobiliteit 
van de discus, en lichtmicroscopisch door een 
uitgebreide fibrosering van het subsynoviale 
weefsel. Deze late fase zal leiden tot een bewe­
gingsbeperking van het aangedane kaakge­
wricht, hetgeen het belang van fysiotherapie 
tijdens het ziekteverloop en in het kader van 
postoperatieve zorg onderstreept. 
- Kristallen spelen geen belangrijke rol in osteo­
artritis van het kaakgewricht. 
- Naast de reeds bekende extracellulaire ont­
staanswijze van CPPD kristallen in CPPD kris­
taldepositieziekte zijn er aanWIJZmgen voor 
een intracellulair ontstaan van deze kristal­
len. 
Address for correspondence: 
Leonore C. Dijkgraaf 
TMJ Research Group 
Department of Oral and Maxillofacial Surgery 
University Hospital Groningen 
P.O. Box 30.00 1 
9700 RB Groningen 
The Netherlands 
1 55 

